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(54) ntle: EXPRESSION LIBRARY IMMUNIZATION 
(57) Abstract 

A general method for vaccinating against any pathogen is presented. The method utilizes expmddn intfvy fmljilimizitto^ i^rc an 
animal is tixxnilated wiA an expression library constructed from fragmented genomic DNA of thife pathogen. All potential epitopes of the 
pathogen's proteins are encoded in its DNA. and genetic immunization is used to directly introduce one or more expression library clones 
to the immune system, producing an immune response to the encoded protein. Inoculation of expression libraries representing portions 
of Ae Mycoplasma pulmonis genome, was shown to protect mice from subsequent challenge by this nattual pathogen. Protection against 
Listeria was also obtained using the method. 
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EXPRESSION LIBRARY IMMUNIZATION 
5 FIELD OF THE INVENTION 

The invention relates generally.to methods for 
screening and obtaining vaccines generated from 
administration of expression libraries constructed from a 
10 pathogen genome. The method furthelf includes. 

^ ^^g^^^f^^^tiQ^ o ne or more antigenic plasmids that 

" wiir' elicit" an immune' fesponse^^^ protectave against 

pathogen challenge subsequent to inducing an in vivo 
immunogenic response . Also included in the invention are 
15 particular vaccine compositions protective against 
Listeria and Mycoplasma. 

Description of Relate Art 

^ ^ ^ vaccination is one. of the most cost-effective 

medical methods for saving lives, vaccines have hot been 
developed for many of the most serious human diseases,, 
including respiratory syncytial virus (RSV) , pneumonia 
caused by Streptococcus pneumoniae; arid diarrhea caused 

25 by rotavirus and Shigella. As is evident with the .HIV ' 
. ^ ^Pif^^fJjiCf, tJie increase in tuberculosis, ar^ . . 

spread of malaria and other parasitic diseases, there is 
an increasing need to develop effective vaccines, yet for 
many of these paithbgens daunting, scientific piroblems have 

30 arisen. For example, the influenza virus is notorious for 
antigenic drift so that new vaccineis are constantly being 
developed; research efforts continue in attempts to 
identify effective vaccines for rabies (Xiang, et al, 
199,4), herpes (Rouse, 1995) ; tuberculosis {Lowrie, et al, 

3 5r~2:9 94 )-;-HI V- ( Coney r^t"a27 r9 9^ ) 

diseases of importance in devesloped and undeveloped 
countries. ' Yet there exists no .relatively rapid; yet 
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alpne systematic, means of identifying an veffective 
vaccine, much less a reasonable assurance that, once 
identified, the vaccine will be broadly responsive to 
pathogen challenge . 
5 • *■ ■ ■ - : . ' - - ■ . • , - .r . . ; ■ • . 

Many currently used vaccines are composed of 
live/attenuated pathogens (Ada,. 1991) which when 
inoculated infect cells and elicit a broad immune 
response in the host. While highly detailed knowledge of 

10 the pathobiology is not necessary, at the very least 

isolation and identification of the pathogen is required. 
Live vaccines are often superior to antigen or subunit 
vaccines because of their tendency to elicit a broad 
level protective response; howeyer, serious disadvantages 

15 in using such vaccines include the risk of a . 

vaccine -induced infection,, problems with producing and 
storing the vaccine, and failure to engender any immune 
response; for example, where antigen presentation is. 
limited. Perhaps, the most troubling aspect of using live 

20 vaccines is the propensity for actually causing, the 
disease against which protection is intended. Past 
experience with some of the polio and measles vaccines 
has demonstrated that this may be a serious risk. 

25 An alternative. to the use of live/attenuated 

pathogen vaccines is to use antibodies to single proteins 
or to a limited number of proteins associated only with 
the pathogen. Polyclonal or monoclonal antibodies are 
readily produced with the aid of modem hybridoma 

30 technology, although these techniques are relatively 

expensive and time consuming. There is also no assurance 
that antibodies produced in response to an antigen will 
provide protection against the pathogen providing the 
antigen; consequently, it may be necessary to test a 

35 large number of antigens isolated from a pathogen. 

Ultimately, no single antigen may prove effective as a 
vaccine because the ability of subxinit or killed vaccine 
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preparations to elicit a broad immuhe response is 
generally quite limited. 

Certain disadvantages of conventional vaccines are 
5 overcome by using what is called "genetic immunization" 
(Tang, 1992) . This technology involves inoculating 
8in5)le, naked plasmidDNA encoding a pathogen protein 
into the cells of the host. The pathogen's antigens are 
produced intracellularly and, depending on the attached 
target irig signals , can be directed toward ma j or 

___IiM^t6compa^ . 

pre'seritatibn (Ulraer, et al. 1993; Wang, et al, 1993). 
^^5^!°^ infection is essentially eliminated and the DNA 
can be • delivered to cells, not normally infected by the 
.15 pathogen. Compared to conventional vaccines, the 

, production of genetic vaccines is straightforward and DNA 
: ^ ^y°^^^^f¥3P^y^,m^A .stable .than .proteinaceous or - 
live/attenuated vaccines . Genetic itranunization ( a . k . a . 
DNA, polynucleotide etc, immunization) with specific 
?° genes has shown promise in several model systems of > 
; pathogenic disease , (Davis, et ai, 1993; Cohry, et al, 
1994 ; Xiang, et al. 1994) , and a few natural systems 
(Cox, et aJ, 1993; Fyhan. et ai; 1993) . Use of DNA (or, . 
RNA) thus overcomes some of the problems encountered when 
25 an animal is presented directly with' an antigen. 

However, despite promising initial results with 
genetic vaccination, there remains the more basic and 
unsolved problem of identifying the particular gene or 
genes of the pathogen that will express ah immunoge^n 
capable of priming the immune system for rapid and 
protective response to pathogen challenge. Certain non- • 
viral pathogens and some viruses have very large genomes; 
for example, protozoa genomes contain up to about 10^ 
-nucreotide87~thus~posing"li^ and time-consuming . 

analytical challenge to identiiEy or isolate effective 
immunogenic antigens. The solution to tliis problem to 
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date has been to extensively study the pa^thobiology of 
the host-pathogen interaction to isolate the protein 
reacted to by the host during infection. And eyen with 
identification of a gene or subunit that elicits a 
5 protective immune response, there may still be lacking 
strong protection because of lack of broad response to 
the encoded polypeptide. 

Significantly, the time and money to identify and 
10 develop a vaccine would be greatly reduced if there were 
available simple, systematic and rapid ways to identify 
vaccines for specific pathogens without having first to 
determine, at least the fundamental biological properties 
of the pathogen. Even^ more important would be vaccines 
15 that are broadly effective without any danger of causing 
the disease against which it is intended to . protect. 

SUMMARY OF THE lyVENTION 

20 The present invention addresses one or more of these 

and other drawbacks inherent in the prior art by 
providing novel methods of generating and identifying 
effective vaccines. The vaccines stimulate a broad 
protective response in a manner similar to that generated 

25 by live/attenuated vaccines without the inherent 
disadvantage of potentially causing the disease 
associated with the pathogen. The invention also includes 
novel antigenic polypeptides encoded by DNA plasmid 
vaccines, kits that include antigenic pathogen 

30 polypeptides, plasmid vaccines or antibodies generated 
from the pathogen polypeptides. 

The invention, in general terms, arises from the 
inventors' success in developing a way to present to an 
35 animal a major number of antigenic determinants encoded 

by the genome of any pathogen. The DNA of the pathogen is 
fragmented, ligated into expression vectors and cloned 
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sub-libraries, (sibs) of the expression library are 
inoculated into an animal. Sib library is understood to 
be a portion of a parental library that may or may not 
have overlapping members with other sibs of the same 
5 library. "Sibbing". as used herein is understood to mean 
the partitioning of a parental library into sequential 
subsets. Challenge by the pathogen reveals which animals 
are protected and consequently which portions of the sib 
expression library have protective effect. Sibbing 

10 methods may theh be used to identify the individual or 
_ combin ati ons of plasmids that are responsible for the 

protection.>;It is then possible /to^ from 
the plasmids, and to identify the polypeptides encoded by 
the protective plasmid vectors. One may also use well 

15 known methods to generate polyclonal or monoclonal 

antibodies to - identified immunogens and use these as 
vaccines . ■ 



20 



The invention is particularly directed to methods of 
vaccinatiori. A cloned expression library is E)repared from 
fragmented genomic DNA of a pathogen, or may be prepared 
f rom cDNA of pathogen RNA. One then introduces one or: 
more of the library clones into an animal so as to induce 
an immune response against one or more of the antigens 
25 that are encoded by one or more, of the clones. 

Subsequently, one ma^- isolate the part pr i 

clones responsible for producing an antigen that induces ^ 
an immune response, obtain the antibodies, if any, 
generated in response to one or more of the cldnes, or 
30- formulate vaccine . compositions from the various libraries 
or sib libraries that induce an immune response. 

.1 The inventors' method allows rapid screening for 

potential vaccines. It also allows discovery of new 

,35~^~AraGGines -that- would -not-be-detecte^^ 



approaches. For such screening, one first selects or 
identifies a particular pathogen to which a protective 
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vaccine is desired. For example, the metiiod has been 
applied to a mycoplasm, Wycoplaema puimonls, and to a 
eubacterium, Listeria monocytogenes. These pathogens are 
but . two examp|les of the wide range of pathogens that 
5 might be screened;, the . m^^^ equally adaptable to 

screen for vaccines for HIV, malaria, mycoplasma, 
tuberculosis, respiratory syncytial virus, and conjugated 
pneumoccus; all pathogens for which there are no 
effective vaccines. One may also screen for alternative 

10 and improved vaccines for. diseases such as smallpox and . 
polio. Nor is the method limited necessarily to viruses 
and bacteria. Use of any pathogen is contemplated, 
, including protozoa, yeast, fungi, worms or prions. It is 
only necessary to obtain genomic material e.g., DNA or 

15 RNA or, in the case of prions, because they are proteins, 
to isolate, or synthesize a DNA that encodes the prion. 

-. After' selecting the pathogen{s) to which a vaccine 
is desired, one then obtains a genomic or cDNA (or RNA) 
20 ' sample which, is subsequently fragmented, for example by 
. . physical; fragmentation or, preferably, by enzymatic . 
cleavage, i.e.. use of restriction endpnucleases. ■ 
; Fragmentation methods are well known to those skilled in 
; the. art and may be varied to obtain segments (by use of 
25 different restriction endonucleases or combinations and 
digestion times) differing in size and composition. 

After; fragmentation, of the DNA, an expression 
library is prepared. . Preparation of such libraries is 

30, relatively straightforward and can . be performed by well 
known methods . : Standard cloning vectors such as PucllS 
may be employed which have an ampicillin selectable 
marker and, preferably bri and a CMV promoter. Bacteria 
are then transformed. with the vectors, for example, E. 

35 coli or Salmonella or other suitable bacterial host. 
. Identified transformants are cultured by standard 

procedures and the plasmid DNA isolated by such methods 
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as. chromatographic or organic separation.'^ A series of 
plasmids have been constructed; which allow cloning each 
library into a site which can direct the foreign ^protein 
to MHCI or II. These plasmids are shown in FIG. 1. 
5 , ■ ■. . ' ' ' . ' , " 

For prions, a relatively rare class of pathogens, a 
: preferred method is to determine the amino acid sequence 
of the protein and synthesize the encoding DNA, or, 
alternatively, isolate encoding DNA from infected cells. 
10 The prion-encoding DNA. is then fragmented and used to 

J^"?^^:^^ expression' library in a manner analogous to 

that ^ofN KNA, -cDNA or genomic Dl^^ " V , 'i' \ 

An importarie aspect of the invention is the 
IS preparation of a representative e^^ression library from 
pathpgen DNA. Mycoplasma pulmonis is one example of a / 
pathogen. MP has a g^ome^size of .^IxlO^ bp 
sib libraries provided protective and were thus 
identitiedas^ candidates for effective vaccine 
protection. .Each sib library had -SxlO^ members,; of which 
only *500 should be expressing natural open-reading 
frames. That two libraries protected indicated that 
.several plasmids or combinations of plasmids were vaccine 
candidates. It appears likely that a minimal number of 
25 plasmids will provide useful protection. Tests of two 
^ ^ ^2*^ derived, frpm^^ 

showed little or no protection, from which it was' 
concluded that the protective plasmid(s) are located in ^ 
other sub- libraries of MP2 .3 . The inventors have shown 
30 that the disclosed expression libraries can be used 

directly as vaccines or partitioned in various ways to 
isolate individual or combinations of plasmids that are 
protective. In this way .the ELI technology is a 
practical vaccine discovery approach, even for protein 
35^— subunitr- vaccinesi^-— ■ ' u ^„_^_^,_ — 
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As mentioned, DNA is fragmented either physically 
or, for example, by restriction enzymes, to produce 
relatively small pieces, preferably on the order of 100 
to 1,000 base pairs.- For smaller genomes, several 
5 hundred base pairs are preferable, for example, 400 . 
hundred base pairs; however, larger genomes, such as 
found in Pseudoflionas or E. coli might initially be 
fragmented into somewhat larger sizes, for example, 3000- 
4000 bp. Except in the case of extremely small genomes, 

10 a preferred method of practice is to prepare sib 

libraries from the main expression library. For example, 
a library including DNA mean fragment sizes of 
approximately 400 bp are preferably sibbed into 
sublibraries containing approximately 3 000 transf ormants, 

15 i.e. approximately 21 sublibraries. A smaller number of 
sublibraries, or sib libraries, is preferred for smaller 
genomes, such as mycoplasma, where a 3000 member library 
is achieved with approximately 9 sib libraries. 

20 * Of course it is technically feasible to apply ELI to 

. any pathogens with larger genomes. Genomes smaller than 
Mycopi asm and Listeria, many of which have genomes up to 
100-fold smaller than Mycoplasm, are well-suited for 
application of the disclosed methods of identifying and 

25 isolating immunogens. These pathogens include HIV, known 
to have an exceptional number of variants and which is 
therefore an excellent candidate for screening with the 
ELI*. 

30 Genetic immunization with the ELI expression library 

reproduces the same antigens induced by a live/attenuated 
pathogen, i.e., the entire genome. Additionally, and 
importantly, the method Is such as to allow presentation 
of new determinants that are normally hidden by the 

35 . biology of the pathogen. The new ELI method combines the 
advantages of genetic immunization without the necessity 
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of- discovering a single protective gene or foreknowledge 
of the pathogen's biology. 

Once expression libraries have been prepared for a 
5 given pathogen and DNA plasmid libraries isolated, one 
will inoculate a mammal with a DNA plasmid library. The 
library may be inoculated into .the animal in any one of 
several different methods that have been shown effective 
for genetic immunization; for example, gene gun or needle 
10 injection into muscle or skin or by oral administration. 

?i>e„Sene gun techni^^^ L . 

approximately l/obo-^to 10, 000-fold more efficient thsin 
injection of naked DNA. (Pynan, et al. (1993)) . 
Aieematively, others e.g. Ulrner et al. (1993) , have 
15 indicated the genetic immunization by direct DNA 

injection may be performed with similar efficiency as the 

administration by €;ither method produces qualitatively 
; identical immunization. 
20 . .""5 .'f-y . ^ ' . ' \ 

The inventors' method has broad application as a. 
screening me^ Briefly/ this 

involves preparing an expression library from fragmented 
genomic nucleic acid, isolating plasmid DNA and 
25 immunizing with at least a portion of the library. A 
: . prpt^ctiye ief f ect. i indicated when. an- animal is . v 
challenged with the pathogen from Which the genomic 
material was^ obtained. 

The inventors have found that mammalian genes fused 
to the pathogen DNA appears; to facilitate e^qpression in 
the mammalian cell/ In preferred em^^ a mammalian 

gene such as;' that^^ncpding human growth hormoiie is fused 
with the DNA; however, other genes would be suitable, 
r incruding^^-^ Tt in 'oF s i^al" s equence^ . The 

inventors have foxind that fusion of honmammalian pathogen 
sequences to mammalian genes increases the amount of 
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antigen available to the immune system. This may arise 
because of increasing antigenic recognition or targeting 
to components in the cell'. 

5 The inventors have found that the_maximum expression 

by genetic immunization (ELI) is obtained when about 2.5 
fxg is introduced per site of inoculation when gene gun . 
inoculation is used. Different amounts may be required 
if other methods of introduction are employed. The 

10 inventors have also determined that the lowest amount of 
DNA that produces an immune response is between about 0.1 
and 1 ng. (FIG.^ 2). This was shown by injecting various 
amounts of human growth hormone DNA into mice and 
monitoring antibody production. Antibody was detectable 

15 with 1 ng. It was thus predicted that the maximum 

complexity represented by inoculating 10 /ig (in four 
sites) of a library under these conditions such that an 
immune response would be generated comprising 
approximately 1x10^ clones (or 1/6x1x10* = 1.5x10^ 

20 expressing clones). This indicated that approximately 
1x10* clones could be included in each sib library. An 
inoculation of approximately 10 /xg of DNA would introduce' 
the equivalent of approximately .10^ bacterial genomes 
into, the host in a highly genome equivalents generally 

25 necessary to prqduce infection in a host. For example, 
mycoplasma can produce an infection when inoculated' at 
10^ to 10^ organisms per animal. These results were an 
important aspect of the invention because there was a 
real question whether these predictions concerning the 

30 number of plasmids that could be injected would actually 
be feasible. Had large libraries not been shown to be 
protective, there would have been little value to the 
disclosed misthods. 

35 Genetic immunization procedures are now well 

established and .well known in the art. One or more 
inocula of the library alicjuots . may be. employed for 
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immunization. Likewise, vaccine compositions may vary 
widely, to include for example various adjuvants. 

ELI is expected to elicit reisponse of both arms of 
the immune system! Extracellular antigens are largely . 
piresented through MHGII proteins arid produce a humoral 
defense, i.e. , circulating antibodies against proteins of 
the pathogen. Intracellular pathogens present proteins 
through a different. pathway that goes through the, 
endoplasmic, reticulum and onto MHGI proteins to elicit 
the , cellular arm of the immune system. For many ■ 
~ Pa^thoge^ns ,;:'the, relVtiye^T^ oTth>"^ two-arms^ in ^ 

protection is npt known and the two systems may crossover 
in.macrophages and through natural immunity e.g., 
15 natural killer cells. Use of appropriater vectors, may' 

cause, one or both of the immune responses to be favored. 

~ . The invent^ors Have'sh^^ Et.r will produce a 

vaccine without knowing what si)eGific protein (s) is 
20 V respbnBible for eliciting protection. In this sense ELI,' 
. mimics live/attehuated vaccines. Another advantage oyer 
^ conventional vaccines is that peptides may be presented 
.to the immune system with ELI which are normally hidden 
by the pathogen's biology or immune -avoidance mechanisms. 
25 Unlike live/ attenuated vaccines where the stoichiometry 

of the pathogen's antigens is fixed, the composition of , . 
the library can t>e modif ied at will to allow 'introduction 
of only the most effective antigens at varied levels. By 
using ELI, the site of inoculation can be controlled 
. 30 ; allowing cells, not normally infected to present antigens . 
In addition, use of other fusion proteins. than hGH should 
allow antigens to be targeted to specific presentation 
, ,. pathways. 

^-The_effective„protectioh-against^mycoplasih— — : — ~ 

■ demonstrated by the inventors indicated" both humoral and 
cellularresponses were elicited. Previous work 
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demonstrated that ant i -mycoplasma antibodies can protect 
mice against infection (Tayler, et al, 1981), yet passive 
transfer of antibody does not protect rats (Davidson, et 
al, 1982) . . Immune spleen cells, however, can transfer 
5- protection in syngeneic rats (Cassell, 1982; Lai, et al, 
1991) . It has also been demonstrated in mice that 
augmented natural killer cells or secreted interferon 
gamma-activated macrophages can kill mycoplasma (Lai, et 
alj 1990) . Given this uncertainty about the relative 

10 contributions to resistance aind the fact that both 

responses were elicited with the library inoculations, 
the strong protection does not appear to arise primarily 
from one or the other immune arm. This aspect is very 
attractive, as it indicates a. broad protective response 

15 from ELI immunization. 

ELI is expected to elicit immunity against any 
organisms requiring either arm of the immune system 
because it activates both humoral and cellular immune 
20 responses. The protection afforded is therefore quite 
broad and is expected to provide superior protection 
compared with single antigen or antigen- encoding DNA. 

^The invention also contemplates that the discloised 
25 DNA libraries or the peptides encoded by identified 

protective DNA plasmids will be useful in developing a 
wide range of vaccines and will also be useful in certain 
methods of cancer treatment . Cancer treatment methods, 
including vaccine development are another aspect of the 
30 present invention.. Additionally, a variety of in vitro 
and in vivo assay protocols are facilitated as a result 
- of the novel compositions disclosed herein. . In addition 
to generating an immune response in an animal, and 
particularly in a human, the peptides may also be used as 
35 immunogens to generate anti -peptide cintibodies, which 
themselves have many uses, not least of which is the 
detection of pathogen related peptides, or peptide 
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fragments thereof/ in diagnostic tests and kits based 
. upon immunological binding assays) . 

Therefore, one contemplated use for the pathogen 
5; peptides. concerns their use .in methods for detecting the 
presence of a pathogen within a sample. These methods 
include contacting a sample suspected of containing a 
pathogen with a; peptide or ' coitposition in accordance with 
the present .invention under conditions effective to allow 
10 ,L the peptideCs) to fdrra a- c pathogen- related 

pep tide s con^aJ.ned in the sample^ - One then defects the 
. P^sence of- the complete of the 

peptide(s)within^the complex, e.g., by either originally 
using- radiolabeled peptides ^o^ 
15 anti-peptide antibodies and standard secondary antibody 
detection techniques. 



The peptides,, or mul timers thereof , ' may be dispersed 
, in any one of the many pharmacologically-acceptable 
20 vehicles known in the arj: arid ^particularly exemplified V 
. her:ein. As such,; the peptides may be encapsulated>ithin 
liposomes or incorporated in^ a biocompatible coating 
designed for slow- release. The preparation and .use of 
appropriate therapeutic formulations will be known to 
25 those of skill in the art ;in light of the present 

prophylactic regimen designed to prevent, or protect . 
against, disease pathogerie, possible cancer progression 
and/or metastasis and may thus be formulated as a ^ 
'30,-.. yaccine". " " . ■ ^" ; / 

Thcpresent invention also provides methods for 
' ' identifying specific pathogen peptides, which methods 
comprise contacting the cells suspected of containing 
B,uch-.pol-ypeptides^with-an-imjnunological 



amount of a composition 'comprising one or more specific 
.anti-peptide antibodies disclosed herein. 



wo 96/31613 PCT/US96/04561 

- 14 - 

In another aspect, the present invention 
contemplates a diagnostic kit for screening samples 
suspected of . containing pathogen polypeptides, or cells 
5 producing such polypeptides. Said kit can contain a 
peptide or antibody of the present invention. The kit 
can contain reagents for detecting an interaction between 
an agent and a peptide or antibody of the present 
invention. The provided reagent can be radio-, 
10 f luorescently- or enzymatically- labeled. The kit can 

contain a known radiolabeled agent capable of binding or 
interacting with a peptide or antibody of the present 
invention. 

15 In another aspect, the present . invention 

contemplates a diagnostic kit for detecting mycoplasm or 
Listeria polypeptides. The kit comprises reagents 
capable of detecting such, peptides. The provided reagent 
may also be radio- > enzymatically- > or f luorescently- 

20 labeled. The kit can contain a radiolabeled peptide 

capable of binding to or interacting with a mycoplasma or 
Listeria polypeptide, or, preferably, may contain a 
radiolabeled antibody capable of binding to or 
interacting with a peptide of the present invention. The 

25 kit can contain a polynucleotide probe that encodes a " . 
peptide of the present invention or any of their / 
complements. The kit can contain an antibody 
immunoreactive with a peptide of the present invention. 

30 . The reagent of the kit can be provided as a liquid 
solution, attached to a solid support or as a dried 
powder. Preferably, when the reagent is provided in a 
liquid solution, the liquid solution is an aqueous 
solution. When the reagent provided is attached to a 

35 solid support, the solid support can be chromatograph 
media, a test plate having a plurality of wells, or a 
microscope slide. When the reagent provided is a dry 
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powder, the powder can be reconstituted by the addition 
of a suitable solvent, optionally provided. 

j In Still further embodiments, the present invention 

5 concerns immunodetection methods and associated Jcits. it 
is proposed that the peptides of the present invention 
maybe employed to detect antibodies having reactivity 
therewith, or, alternatively, antibodies prepared in 
accordance with the present invention,, may be employed to 

10 , detect pathogen polypeptides. In general, .these methods 
will include first obtaining a sample suapgcted of . 

- *=°"taining;sucH a protein, peptide or " antibody, 

contacting the sample with an antibody or peptide in 
accordance with the present invention,, as the case may 

15 be,, under conditions effective to allow^ the formation of 
an immunocomplex, and then detecting the presence of the 
immuhbcompl ex . 



20 



In general, the detection of immunocomplex formation 

is quite well known in the art and may be a 
through the application of numerous approaches. For 

example, the present iiiventioh contemplates the ' . 
application of ELISA, RIA, immunoblot ( e . g . ; dot blot) , 
indirect immunofluorescence techniques and the like . ' 

25 Generally, immunocomplex formation will, be detected 
. . J^^?;?"?^ the; use _ of a label ,; suchi^as; a:.radiolabel or an . ^ 
enzyme tag (such as alkaline phosphatase, horseradish 
peroxidase, or the like) . Of course, one may find 
additional advantages through the use ;6f/a secondary . . 

30 binding ligaiid such as a second antibody or' a 

biotin/avidin ligand binding arrangement, as is known in / 
■the art. ' 



-35' 



For diagnostic purposes, it is proposed that 
-virtually-any-samj)l'e Wspected^of compHsi^Tg^^itherThe^" 
mycoplasma or Listeria or antibody sought to be detected, 
as the case may be, may be employed. Exemplary samples 
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include clinical samples obtained from a'^patient or. 
animal such as blood or serum samples ^ ear swabs, sputum 
samples, middle ear fluid or even perhaps urine samples 
may be employed . Furthermore , it is contemplated that 
5 such embodiments may have application to non-clinical 
sampleiB, such as in the titering of antigen or antibody 
samples, in the selection of hybridomas, and the like. 

In related embodiments, the present invention 
10 contemplates the preparation of kits that may be employed 
to detect the presence of pathogen peptides and/or 
antibodies in a sample. Generally speaking, kits in 
accordance with the present invention will include a 
suitable antigenic peptide, e.g. from mycoplasma or 
15 Listeria^ or an antibody directed against such a protein 
or peptide, together with an immunodetection reagent and 
a means for containing the antibody or antigen and 
reagent: The immunodetection reagent will typically 
/comprise a label associateid with the antibody or antigen, 
20 or associated with a secondary binding ligand. Exemplary 
ligands might include a secondary antibody directed . v; 
against the first antibody or antigen or a bibtin or 
avidin (or streptavidin) ligand having an associated 
label. Of course, as noted above, a number of exemplary 
25 labels are known in. the art and all such labels may bev 
employed in connection with the present invention. 

The container meanis will generally include a vial 
into which the antibody/antigen or detection reagent may 

30 be placed, and preferably suitably aliqudtted. The kits 
of the present invention will also typically include a 
means for containing the antibody, antigen, and reagent 
containers in cloise confinement for commercial sale. 
Such containers may include injection or blow-molded 

35 plastic- containers into which the desired vials are 
retained. '-: ' ^ 
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- BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Examples of ELI vectors to direct antigens 
for different MHC class presentation. Secreted antigens 
5 are expected to favor MHC class presentation and antibody 
production. Cytoplasmic or proteasomal -directed antigens 
should favor MHC class I presentation and CD8+ cytotoxic 
T lymphocyte activation. 

10' FIG. 2. hGH cmtibodies produced by genetic 

" : week old. female BalB/C mice we two 
weeks in 2 shots with the gene gun using the indicated 
amounts of CMV-GH plasmid. Each inoculum under 1 ;ig was 

15 balanced to 1 )ig with CMV-LUC, a lucif erase expression 
plasmid. Inoculations indicates samples of sera 
collect ed 10 days after the indicated C>f/-GH inqcn^^ 
The entire set of sera along with pre-immune sera was 
tested by ^-galactosidase ELISA. Ant i- hGH Antibodies 

20 (betagal lumens) represents the ELISA lumens produced by 
each* sample niinus the pre-immune background. The black 
and striped bars for each different amount of CMV-GH 
represents an individual mouse tested. 

25 FIG. 3. Vectors used for expression library 

.i^^^iz^^ O^-G^ from CMV-GH, 

in which, the cytomegalovirus* promoter drives expression ' 
of the genomic human growth hormone (hGH) gene, 
CMV-GH-F1&3 differs from the hGH sequence by sxibstitution 
30 of a BairiHIsite 3/ to the Bgl 1 1 site such that 

restriction fragments having GATC 5' overhangs (i.e. Mbol 
fragment's) can be inserted into BamHI or Bglll in two 
different coding frames. TAA stop codons were inserted 
in all three coding frames 3' to both insertion sites to 
__25-~— stdp^^transTationn^^ own stop 

codons. CMV-GH- F2 was constructed similarly by knocking 
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out the Bglll site in hGH and inserting BarMl in frame 

■ 2. ■ ' 

. « ^ FIG. 4A. MP titers from the lungs of ELI -immunized, 
5 MP-challenged mice. . 5t6 week old Balb/C female mice were 
immunized 4 times with 10 fig of MPl.l and MP2.3 on day 1 
and with 5 fig on day 8, 21, and 52 and challenged with 
the indicated number of MP (MP Inoculum) 12 days later 
(Lai et al, ,1991) , CMV-GH and listeria library mice were 

10 immunized on a similar schedule and challenged at the 

same time. The listeria library mice consists of a 3000 
transformant library constructed, into CMV-GH-F2 using 
Mbol-digested Listeria monocytogenes genomic DNA. The 
mice were sacrificed 14 days after challenge and lung 

15 lavage and lung sectioning was performed. MP Titers from 
the lungs of ELI -immunized, MP-challenged mice. MP CPUs 
from Lung represents the total number of MP from each 
group of mice as calculated from counting MP grown on 
plates from serial dilutionig of lung lavages from the 

20 mice. 

FIG. 4B. Histopathology of ELI immunized, 
MP-challenged mice. Lung sections from mice immunized 
with the indicated plasmids were stained and the degree 

25 of histopathologic lesions induced by MP infection, was . 
assessed and scored with a histopathology index. An 
index of 1.0 represents the maximal number of lesions 
observed in infected mice. An index of 0 indicates 
normal morphology. Each bar represents the mesm from 2 

30 to 4 mice. Error bars represent the standard deviation 
for each group. 

FIG. 5. MP titers from the lungs of mice 30 days 
after the start of immunization. 5-6 week old male 
35 Balb/C mice were immunized with 6 fig of CMV-GH-F2 or 

MP2 .3 on day 1 and 3 ^g on day .15, and 22. The mice were 
challenged with the indicated MP inoculum on day 3 0 and 
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lung lavages', were perfoi^^ GFUs from . Lung 

represents the total number of MP from each group of mice 
as calculated from counting MP grovm on plates from 
;/ serial dilutions of liing lavages from the mite. Each bar 
5 represents the mean f or 3 mice. Error bars represent the 
standard deviation for each group; 

Flis. 6. ; Cartoon of genei^^^ prbtocol for 

isolation of ivaccine plasmids for ahy^ pathog* 



10 



30 



7en. 



: ...L V— Jy!?i^-v'-'itjy.?£ .the 1- 

V spleens pf ELI-lmniuhized; ' L^^ 

mice.. 5-6 week old Balb\C^f imrriunized 3" 

, times, with 10 fig of Listeria library. 1 .1 or " combined Lis . 
15 lib 2>lv+ 2.2. Lis Lib. libraries created by ligation 
of Listeria ihonocytbgeiies genomic fragments cioned 

■ ' (^inimunizeq >a^^^ challenged with 

, loS.iiste^ria by i.v, injection and listeria CFUs were • 
20 counted from spleen homo^enates 3 days later' / > 

k^f ; - ■■(procedure:: for)severai:,ihdfependent -p^ 

25 - FIG,. 9. Cartoon showing scheme for sibbing 

. 1; , . Procedure to determine cooperative effects or additive 
threshold effects. 



. FIG. 10. V Cartoon of the methodology of ELI against 
MycoplBBina pulmonia (MP) . Libraries MPl . 1 and MP2 . 3 ■ ■ 
• ■ consist, of two different 3000 transformant sibs created 
by insert ion, jpf MP Mbpl fragments into frame 1 of 
CMV-GH-F1&3 :and frame 2 of CMV-GH-F2, respectively. 
Balb/C mice were imraunized as indicated using either 
35 MPlvl or; MP2^5 :by :^^^ mice were 

subsequently Jbhalienged. with MP and their resistance was 
assessed ;by titering MP from the lungs and by 
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histochemical Staining of lung sections ^s described in 
(Lai, et al, 1991) . ' A set of mice with lower MP titers 
or histopathology indicated that one or more plasmids in 
the library confer resistance, to MP by genetic 
5 iminunizationv •\ - , . . : _ 

DETAILED DESCRIPTION OF THE PREFERRED F MPf^nTMigMTfl 

The invention includes a novel expression library 

10 immunization (ELI) method applicsible to virtually any 

pathogen and that requires no Icnowledge of. the biological 
properties of the pathogen. The method operates on the 
assumption, generally accepted by those skilled in the 
art/ that all the potential antigenic determinants of any 

15 pathogen are encoded in its genome. The inventors have 
now devised methods of identifying vaccines using a 
genomic expression library representing all of the 
antigenic determinants (except for those resulting from . 
modification of the protein) of a pathogen: The method 

20 has the advantages of "gene immunization" by eliminating , 
potential for infection while also providing for the 
. ■ first time a general and effective method of immunizing 
and identifying a vaccine without having to characterize^ 
the pathogen against which the vaccine is desired. 

25 ^ / ■ ■ ■ . . ^ 

The preparation of an expression library is v 
performed using the techniques and methods familiar* to 
the molecular biologist. The pathogen's genome, whether 
bacterial, yeast, mold, fungal, algal, protozoan, viral, 

30 may or may not be known, and may even have been cloned. 
Thus one obtains DNA (or cDNA) , representing 
substantially the entire genome of the pathogen. The DNA 
is broken up, by physical fragmentation or restriction 
endonuclease, into segments of some. length so as to 

35 provide a library of about 10'^ (x genome size) members. 
Of course for cloned DNA in YACs, a sufficient library 
may be available. In cases, as for certain viruses, where 
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the genome is RNA, the RNA may be used to^prepare a DNA 
library. Alternatively, mRNA may be used to generate 
libraries; for example from human or animal tumor cells. 
The in, vivo effectiveness of the novel immunization 
5 has been demonstrated with genomes differing in size by 
approximately four -fold. The inventors have demonstrated 
ELI protection against Mycoplasma pulmoni a with a genome 
of -1x10^ bp and have also shown protection against 
Listeria monocytogenes, a pathogen whose genome is 
10 approximately 4x10^ bp. These pathogens represent two 

^„ . different classes of pathogens, Mo l I i cut es and Gram- ' ' 

positive bacilli respectively and serve to demonstrate the 
broad applicability of the method. 

15 One expects the disclosed techniques and methods to 

apply not only to the Listeria and Mycoplaama genera but , 
, ?1?P_J^9. ^A^.J'^^iPfL^^ including 
Mollicutes and Gram -positive bacilli. Numerous species 
comprise the genera of , these classes, including the . 
20 unusual asporogenous aerobic bacilli represented by 

J?othia, Jcurthia and Oerakovia, Most pathogens have genomes 
the same or smaller size than Listeria or Mycoplasma and 
the method wilL also apply to larger genomes and will be 
^ suitoible for developing and identifying vaccines from 
25 broad categories of human and non- human pathogens, shown 

_ J- _ in TcdDle^l^,. / 

Table 1 



viruses ^ 


genome of -10^ to 10^ bp 


.mycoplasma 


genome of -10^ bp 


bacteria 


genome of -2x10^ to 9x10^ bp 


Fungi , 


genome of -2xl0'^ bp 


Algae 


genome of -Sxio"^ bp 


Protozoa 


genome of -Sxio"^ bp 


Molds 


genome of -Sxio'^ bp to 9x10*^ bp 


cDNA 1 ibr ary ( any 
1 pathogen or cancer) 


-10^ to 10^ bp 


1 mitochondrial genome 


:-io^ to 10^ bp 
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1. Other Methods of Inoculation v 

Introducing an expression library .into a sixbject may 
be performed in several ways; including by gene gun. The 
5 gene gun -technique used for ELI is thought to be -ipop to 
10,000-fold more efficient than injection of naked DNA 
(Fynan, et al (1993). Others, e.g. Ulmer, et al (1993) 
have indicated that genetic immunization by direct DNA 
injection may be performed with similar efficiency as the 

10 gene gun. The inventors have found that gene 

administration by either method produces qualitatively 
identical immunization. The expression library may also 
be introduced by methods other than genetic immunization. 
The bacteria bearing the library can be directly 

15 inoculated into the host or the library and put into an 

infectious agent, such as adenovirus. Once the protecting 
pathogen gene(s) has been isolated the actual vaccine can 
be by genetic immunization. 

2;0 of course, in light or the new technology on DNA 

vaccination, it will be understood that virtually all 
such vaccination regimens will be appropriate for use 
with DNA vectors and constructs, as described by Ulmer et 
,a2. (1993), Tang et al. (1992), Cox etal. (1993), Fynan 

.25 et al. (1993) , Wang et al. (1993) and Whitton et al. 
(1993), each incorporated herein by reference. In 
addition to parenteral routes of DNA inoculation, 
including intramuscular and intravenous injections, 
mucosal vaccination is also contemplated, as may be 
30 achieved by administering drops of DNA compositions to 
the nares or trachea./ It is particularly contemplated 
that a gene-gun could be used to deliver an effectively 
immunizing amount of DNA to the epidermis (Fynan et al., 
1993) . 

. 35 ' . ' 
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- 2. ELISAs 

" ELISAs may be used in conjunction with the 
invention. In an ELI SA assay, proteins or peptides 
5 incorporating pathogen antigen sequences are itnmobilized 
onto a selected surface, preferably a surface exhibiting 
a protein affinity such as the wells of. a polystyrene ' 
microtiter plate. After washing , to remove incompletely 
adsorbed -mat eria^ , it is desirable to bind or coat the 
10 assay plate wells with a hbhspecif ic protein that is ' 

JcnoWn to be antigenically neutral with regard to the test 
ariti sera such Ss boviiie seirum albiimin' (BSA) , casein or 
solutions of milk powder. This allows for blocking of 
. nonspecific adsorption sites on the immobilizing. surf ace 
15 and thus reduces the background caused by nonspecific 
binding of antisera onto the surface. ^ 

^After binding of antigenic material to the well, 
coating with a non-reactive material to reduce 

20. background; and washing to remove unbound material, the 
immobilizing kurrf ace is contacted with the antisera or 
clinical or biological extract to be tested in a manner 
conducive to immune complex (antigen/antibody) formation. 
Such conditions preferably include diluting the antisera 

25 with diluents such as fiSA, bovine gamma globulin (BGG) 

^^^^„ phosphate : {^*BS) /Tween® ^Theae added y 

agents also tend to assist in the reduction of 
nonspecific background. The layered antisera is then 
allowed to incubate for from 2 to 4 hours, at ^ - 

30 temperatures preferably on the order of about 25' to 

abput 27«C. Following incubation, the antisera-contacted 
surface is washed so as to remove non-immuhodomplexed 
material. A preferred washing procedure includes washing 
with a solution such as PBS/Tween®, or borate buffer. 

Following formation of specific immunocomplexes 
between the test sample and the bound antigen, and 
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subsequent washing, the occurrence and eV^n amount of . . 
immunocompl ex formation may be ' determined by subjecting 
same to a second antibody having specificity for the 
first. To provide a detecting means, the second antibody 
5 - will preferably have an associated enzyme _that will 
generate a color development upon incubating with an 
appropriate chromogenic substrate. Thus, for example, 
one will desire to contact and incubate the antisera- 
bound surface with a urease or peroxidase -conjugated 
10 anti-human IgG for a period of time and under conditions 
which favor the development of immunocomplex formation 
(e.g., incubation for 2 hours at/ room temperature in a 
PBS-containing solution such as. PBS-.Tween®) . 

15 After inciibation with the second enzyme -tagged 

antibody, and subsequent to washing to remove unbound 
material, the amount. of label is quantified by incubation 
with a chromogenic sxibstrate such as urea and bromocresol 
purple or 2, 2' -azino-di- (3-ethyl-ben2thia2oline-6- 

20 sulfonic acid [ABTS] and H202,i in the case of peroxidase 
as the enzyme label. Quantification is then achieyed by 
measuring the degree of color generation, e.g., using a 
: . visible spectra spectrophotometer. 

25 3. Epitopic Core Sequances 

The present invention is. also directed to protein or 
peptide compositions, free from total cells and other 
peptides, which comprise a purified protein or peptide 
30 which incorporates an epitope that is immunologically 

cross-reactive with one or more pathogen antibodies, for 
example those polypeptides that comprise the epitopic 
regions of mycoplasma or Listeria genome. 

35 As used herein, the term "incorporating an 

epitope (s) that is immunologically cross-reactive with 
one or more pathogen antibodies" is intended to refer to 
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a peptide or protein antigen which includes a primary, 
secondary or tertiary structure similar to' an epitope 
located within any of a number of pathogen polypeptides 
encoded by the pathogen DNA or RNA; The level of 
5 similarity will generally be to such a degree that 

monoclonal or polyclonal antibodies directed agrainst the 
such polypeptides will also bind to/ react with, or 
otherwise recognize, the cross -reactive peptide or 
protein antigen. Various immunoassay methods may be 
ip employed/ in conjunction w^^ antibodies, such as, ' 

.for^example,^Western^blotting,^^^^ 

all of which are known to .those^^^ in the art . 

The identification of pathogen epitopes, oind/or 
15 their functional .ec[uivalents, suitable; for use in 

vaccines is; part of the present inventionV Once isolated 

„ _ and .identif ied, ^one- may-_readily/obtain- functional - - 

equivalents- For example, one may employ the methods of 
_ Hopp, as taught in U.S.^ Patent 4,554,101; incorporated 
20 , herein by reference , which teaches the identification and 
preparation of epitopes from amino acid sequences on the 
basis of hydrophilicity. ; The methods described in 
several other papers, and software programs based 
thereon, can also be used to identify epitopic core 
25 sequences (see, for example, Jameson and Wolf, 1988; Wolf 
, , , e t -al..-,: - is 88 ; ij. S;. - Patent.^Number The^amind- 
acid sequence of theise " epitopic core sequences" may then 
be readily incorporated into peptides, either through the 
application of peptide synthesis or recombinant ; 
30 technology. . 

Preferred peptides 'for use in accordance with the 
present inyeritiori will. depend on the particular peptides 
identifiisd from sib library immunization, as disclosed 
35 herein. Relatively short peptides, such as those 
prepared from 8 to 3 0 or so amino acids may provide 
advantages in certain circumstances, for example, in the 
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B^eparat ion of some vaccines or in immunologic detection 
assays. Exemplary advantages -include the ease; of 
preparation and purification, the relatively low cost and 
improved reproducibility of production, and advantageous 
5 biodistribution. . : ^ . : 

. It is proposed that particular advantages of the 
present invention may be realized through the preparation 
of synthetic peptides which include modified and/or 

10 extended epitopic/ immunogenic core sequences which result 
in a "universal" epitopic peptide directed to pathogen- 
specific peptide sequences. These epitopic core 
sequences are identified herein in particular aspects as 
hydrophilic regions of the pathogen antigens. It is 

15 proposed that these regions represent those which are 
most likely to promote T-cell or B-cell stimulation or 
humoral response, and, hence, elicit specific antibody 
production; 

20 An epitopiic core sequence, as used herein, is a 

relatively -short stretch of amino acids that is * 
"complementary" to, and therefore will bind, antigen ^* 
binding sites on trans fierr in-binding protein antibodies. 
Additionally or alternatively, an epitopic core sequience 

25 is one that will elicit antibodies. that are cross- ■ 
reactive with antibodies directed against the peptide 
cotrqpositions of the present invention. It will be* ; ""^f ; 

understood tjhat in the context of the present disclosure, 
the term "complementary" refers to amino acids or 

30 peptides that exhibit an attractive force towards each 
other. Thus, certain epitope core sequences of the 
present invention may be operationally defined in terms 
of their ability to compete with or perhaps displace the 
. binding of .the deisired protein antigen with the 

35 corresponding; protein-directed antisera. 
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-. In general, the size of the polypeptide, antigen is 

not believed to be particularly crucial > so long as it is 

at least large enough to carry the identified core 

sequence or sequences. The smallest useful core sequence 

5 anticipated by the present disclosure would generally be 

on the order of about 8 amino acids in length, with 

sequences on the order of up to several tens of amino 

acids, depending on the size of the DNA found to in the 

protective plasmid identified by using the expression 

library immunization method. Thus/ this si 
.. _ .generally_ correspond-^ 

"■ prepared in accordance with the invention." However^ the 
size of the antigen may be: relatively -large, for example ■. 
to several hundred or more where desired, so long as. 
15 it contains a basic epitopic core sequence. ' 

^ - -Tfee_J..dentif icatibn. of„epitopic-core-seq^^ is- - - 
known to those of skill in the art, for example, as 
described in U.S. Patent 4,554,101, incorporated herein 

20 by reference , which teaches the identification and 

preparation of epitopes from amino acid sequences on the 
basis of hydrophilicity. Moreover, numerous computer 
programs are available for use in predicting antigenic 
portions of proteins (see .e.g., Jameson & Wolf, 1988; 

25 Wolf etal.. 1988); Computerized peptide sequence , 
analysis programs (e.g., DNAStar Software DNAStar , Inc . ; 
- Madison, Wise.) may also be useful in designing synthetic 
peptides in accordance with the, present disclosure. 



30 
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Syntheses of epitopic sequences, or peptides which 
include an antigenic epitope within their sequence, are 
readily achieved using conventional synthetic techniques 
such as, the solid phase method (e.g. , through the use of 
commercially available pepti de syn thesizer such as an 
-Applie-d^BiBiystems^Moder^^ 

Peptide antigens synthesized in this manner may then be 
aliquotted in predetermined amounts and stored in 
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conventional manners/ such as in aqueous^solutions or, 
even more preferably, in a powder or lyophilized state 
pending use . 

5 In general, due to the relative stability of _ . 

peptides, they may be readily stored in aqueous solutions 
for fairly long periods of time if desired, e.g., up to 
six months or more, in virtually any aqueous solution 
without appreciable degradation or loss of antigenic 

10 activity* However , where extended aqueous storage is 
contemplated it will generally be desirable to include 
agents including buffers such^ as Tris or phosphate 
buffers to maintain a pH of about 7.0 to about 7.5. 
Moreover, it may be desirable to include agents which 

15 will inhibit microbial growth, such as sodium azide or 

Merthiolate. For extended storage in an aqueous state it 
will be desirable to store the solutions at 4®C, or more 
preferably, frozen. Of course, where the peptides are 
stored in a lyophilized or powdered state, they may be 

20 stored virtually indefinitely, e.g., in metered aliquots 
: that may be rehydrated with a predetermined amount of 
water (preferably distilled) .or buffer prior to use . 

4. lomimoprecipitation 

25 

The antibodies of the present invention are 
particularly useful for the isolation of antigens by 
immunoprecipitation. Immunoprecipitation involves the 
separation of the target antigen component from a complex 

30 mixture, and is used to discriminate or isolate minute 
amounts of protein. For the isolation of membrane 
proteins cells must be solubilized into detergent 
micelles. Nonionic salts are preferred, since. other 
agents such as bile salts, precipitate at acid pH or in 

35 the presence of bivalent cations. 
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~ ! In an alternatiye embodiment the antijbodies"\pf the 
present invention are useful for the close ! j uxtaposit ion 
of two antigens. ^^1^^^ 

increasing the localized concentration of antigens, e.g. 
5 enzyme -siibstriate'pair^ 

" 5.'':,:We8teni-B'iots' ' 

con^sitions of the present invention may find 
10 use in immunoblot, or western blot analysis. The ant i- 

- --EgEti^g^ a^ 

reagents for t identification of proteins immobilized 
. onto a/ siaiid- 8^ such- as nitrocellulose, 

nylon or - combinations thereof in conjunction with 
immunpprecipitation, follbwed by gel electrophoresis, 
these may be used afs a single step reagent for use in 
detecting antigens-against--whi<:h-^^^^^ 
in the detection of the antigen cause an ad^^^ 
backgrouiid. This: is especi the antigens 

studied are immunpglobulins (precluding the use of 
immunogipbul^^a^l^^ 

the antigens ' studied cross -react with . the detecting . 
ag^nt, c^r they migrate at the same relative molecular 
weight as a. 
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25 



conjunction vrith W^ enzymaticaily- , 

; , radioiabel- , .iir iluorescently-tagged secondary antibodies 

■ against the peptide nvoisty are considered to' be of 
;;30- particular use in this regard. 



"^^^ :P"^en? invention contemplates vaccines for use 
35 ; : in both;-acti^^ ah<i :pa^sive immunizati^^^ 

Inpunog^lc.lbc5mpo^iti0ns,".p to be suitable for' use 

■ . as a vaccine) : may: be prepared; most ^ ^ directly from 
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immunogenic pathogen sib expression libraries in the 
manner disclosed herein. Preferably the antigenic 
material is extensively dialyzed to remove undesired 
small molecular. weight molecules and/or lyophilized for 
S more ready formulation into a desired vehicle • Vaccines 
may be polypeptide or DNA compositions. DNA compositions 
are preferably cloned sib expression libraries^ obtained 
from the fragmented genome of a pathogen. 

10 The inventors have demonstrated that one may 

generate an immune response in an animal by administering 
to the animal, or human subject, a pharmaceutically 
acceptable composition comprising an immunologically 
effective amount of a cloned expression nucleic acid 

15 library.: The stimulation of specific antibodies and CTL 
(cytotoxic T lymphocyte) responses upon administering to 
an animal a nucleic molecule is now well known in the 
art, as , evidenced by articles such as Tang et al. (1992) ; 
. Gox et al. (1993;) Fynan et al. (1993); Ulmer et al, 

20 (1993); Wang et al . (1993) and Whitton et al. (1993); 

each incorporated herein by. reference. ,{ 

This technology, often referred to as genetic 
immunization, is particularly suitable to protect against' 
25 bacterial infections and is expected to be ecjually 
protective against viral infections. Indeed, 
immunization with DNA has been successfully employed to 
protect animals from challenge with influenza A (Ulmer et 
al., 1993) . Therefore, the use of the expression library 
30 compositions of the present invention employing 

techniques similar to those described by Ulmer et al, 
(1993, incorporated herein by reference), is considered 
to be particularly useful as a vaccination regimen. 

35 The expression library DNA segments can be used in 

virtually any form, including naked DNA and plasmid DNA, 
cuid may be administered to the, animal in a variety of 
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ways, including parenteral, mucosal and gfene-giin 
inoculations, as described, for example, by Fynan et al. 
(1993) and tang et al (1992) ., , 

5 The inventors have used expression plasmids ^for 

immunization; however, it is contemplated that the DNA 
segments themselves as immunizing agents to vaccinate 
against infection and disease. The technology for using 
. DNA segments as vaccines has .recently been developed and 
10 , " is generaliy termed "Genetic Immunization" or "DiIa 

Vaccination" (Cohen, 1993); It is now known that cells 
V canrtaJce 1^ naJted DNA and >xpreii' thi peptides encoded on 
> their surface, thus stimulating an, effective imm^ 

. response, which includes the generation of cytotoxic ■ 
15 T lymphocytes {killer T cells) . 

. ^ _"l^.^A*5^.^°i?„of and . variat ions_: 

thereof, such as those described by Tang et aJ. (1992), 
Ulmer et al. (1993); Cox.et al. (1993) , Fynan et al. ' 
(1993) , Wang et al. (1993) and Whittpn et al. (1993), 
each incorporated herein by reference, is particularly / 
suitable as it has already been shown to be successful 
against a form of influenza virus, the type of pathogen 
also targeted by the present invention. It is 
contemplated that virtually any type of vector, including 
„ _ ^^f^ 1^ inJ:he :forni of . a: plasmid> .ppuld.be^^ 

generate an immune response in conjunction- with .a wide 
variety: of immunization protocols; including parenteral, 
mucosal and gene-gun inoculations (Tang et ai, 1992; 
30 Pynan et al ., 1993) . . 

The preparation of vaccines which contain peptide . 
sequences, determined from the DNA of plasmids identified: 
as protective against pathogen challenge, as active : 
-35— 4ngredients-is-:generally-weirund-eTsto5^^^ — 
exemplified by U.S. Patents 4/608,251; 4,601,903; 
4,599,231; 4i599, 230; 4,596,792; and 4 .578, 770, all 
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incorporated herein by reference. Typicitlly, such 
vaccines are prepared as injectables, either as licjuid 
solutions or suspensions or splid forms suitable for 
; solution in, or suspension in, liquid prior to, injection. 
5 The preparation may also be emulsified. The active 
immunogenic ingredient is often mixed with excipients 
which are pharmaceutically acceptable and compatible with 
the active ingredient. Suitable excipients are, for 
example, water, saline, dextrose, glycerol, ethanol, or 
10 the like and combinations thereof. In addition, if 
desired, the. vaccine may contain minor amounts of 
auxiliary substances such as wetting or emulsifying 
agents, pH buffering agents, or adjuvants which enhance 
the effectiveness of the vaccines. 

15 

Vaccines may be conventionally administered 
parenterally, by injection, for example, either 
subcutaneously or intramuscularly. Additional 
formulations which are suitable for other modes of 
20 administration include suppositories and,, in some cases,, 
oral formulations. For suppositories, traditional 
binders and carriers may include, for example, 
polyalkalene glycols or triglycerides: such suppositories 
may be. formed from mixtures containing the active 
25 ingredient in the range of eibout 0.5% to about 10%, 

preferably about 1 to about 2%. Oral formulations ' s 
include such normally employed excipients as, for 
example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium, stearate, sodium saccharine, cellulose, 
30 magnesium carbonate and the like. These compositions 

take the form of solutions, suspensions, tablets, pills, 
capsules, sustained release formulations or powders and 
contain about 10 to about 95% of active ingredient, 
preferably about 25 to about 70%. 

35 

The pathogen peptides of the present invention may 
be formulated into the vaccine as neutral or salt forms. 
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Pharmaceutically-acceptable salts, include the acid 
addition salts (formed with the free^ amino groups of the 
peptide) and those which are formed with inorganic acids 
such as, for example, hydrochloric or phosphoric acids, 
5 or such organic acids as acetic, oxalic, tartaric, 
mandelic, and the like. Salts formed, with the free 
carboxyl groups may also be derived from: inorganic bases 
such as, for example, sodium, potiassium, ammonium, 
calcium, or ferric hydroxides, and.such organic bases as 
isopropylamine, trimethylamine, 2-ethylamino ethanol, 
histidine. procaine, -and- the- likjGr^>-—-"^-—^^ 



io 



is 
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- ^ The vaccines are administered, in a manner compatible 
With the dosage formulation, and in such amount as will 
be therapeutically effective and immunogenic. The- 
quantity to be administered depends on the subject to be 
. treated, /^including, e. g. the capacity "of - the " ' "~ " " 
individual's immune system to synthesize antibodies, and 
the degree of protection desired. Precise amounts of 
active. ingredient required to be administered depehd on 
the judgment of the practitioner. However, suitable 
dosage ranges are of the -.order of several" hundred 
micrograms active ingredient per vaccination. Suitible 
regimes for initial administration and booster shots are 
also variable, but are typified by an initial 

administration, followed- by, -subsequent i^Sculatibrls or " 
other administrations. ' 

The manner of application may be vairied widely, a^^^ 
of the conventional methods for administration of a 
vaccine are applicable. These are believed to include 
gene gun inoculatiion of the DNA encoding the antigen 
peptide (s), phage transfection of the DNA, oral 
application^ ;solidj,hi^^^ 

a physiologically acceptable dispersion, parenterally 
by injection or the like. The dosage of the vaccine? will 
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depend on the route of administration and will vary 
according to the size of the host. 

Various methods of achieving adjuvant effect for the 
5 vaccine includes use of agents such as aluminum hydroxide 
or phosphate (alum), commonly used as about 0.05 to about 
0.1% solution in phosphate buffered saline, admixture 
with synthetic polymers of sugars (Carbopol®) used as an 
about 0.25% solution, aggregation of the protein in the 

10 vaccine by heat treatment with temperatures ranging 

between about 70 to about 101*'C for a 30-second to 2- 
minute period, respectively. Aggregation by reactivating 
with pepsin treated (Fab) antibodies to albumin, mixture 
with bacterial cells such as C. parvujn or endotoxins or 

15 lipopolysaccharide components of Gram-negative bacteria, 
emulsion in physiologically acceptable oil vehicles such 
as mannide mono-oleate (Aracel A) or emulsion with a 20% 
solution of a perf luorocarbon (Fluosol-DA*) used as a 
block substitute may also be employed. 

20 ■ , 

In many instances, it will-be desirable^ to have 
multiple administrations of the vaccine, usually not 
exceeding six vaccinations,, more usually not exceeding 
four vaccinations and preferably one or more, usually at 

25 least about three vaccinations. The vaccinations will 
normally be at from two to twelve week intervals, more 
usually from three to/five week intervals. Periodic 
boosters at intervals of 1-5 years, usually three years, 
will be desirable to maintain protective levels of the 

30 antibodies. The course of the immunization may be 

followed by assays for antibodies for the supernatant 
antigens. The assays may be performed by labeling with 
conventional labels, such as radionuclides, enzymes, 
f luorescents, and the like. These techniques are well 

35 known and may be found in a wide variety of patents, such 
as U.S. Patent Nos. 3 , 791, 932; 4, 174 , 384 and 3 , 949 , 064 , 
as illustrative of these types of assays. 



W096/31613 PCT/US96/M56I 
_:■ . ■ • ■ - 35 -■ .■■ 

~ 7. DMA Segaients Encoding N yel Peptides 

The. present invention also concerns DNA segments, 
that can be isoUted from virtually non-mairiinalian 
5 pathogen source, that are free from total genomic; DNA and 
that' encode the novel peptides disclosed herein. DNA 
segments encoding these peptide species may prove to 
encode proteins , polypeptides , subunits , functional 
domains, and the like of pathogen or other non-related 
lO: gerfe products: In additipn. these EWA segments may be ' 

..emthesized^ent irely in^^yitro -usinj^methods^ that are- ' 

well-knovm "to 'th^^^^ 
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As used herein, the term/VDNA segment" refers to a 
DNA molecule that has been isolated free. of total genomic 
DNA of a particular, species. Therefore, a DNA segment 

:?n.coding. a_pathpgen.peptide^refers -t 

contains these peptide coding sequences yet is isolated 
away from, or purified free from, total genomic DNA of 
the species frpm Which the DNA segment is obtained. 
Included within the term -DNA segment " . are DNA ; segments ■ 
and smaller fragments of such segments, and also 
recombinahf vectors , including, for example , plasmids , 
cosmids, phagemids, phage, viruses, and'the like. ' 

.... .Similarly, a DNA -segment- comprising an Isolated or ' " 
■ purified pathogen peptide -encoding gene refers to a DNA 
segment which may include in addition to peptide encoding 
sequences, certain other elements' such as. regulatory 

30 > sequences, isolated substantially away from other 

naturally occurring genes or protein- encoding sequences. 
In this respect, the term "gene- is'used for simplicity \ 
to refer to a functional protein-, polypeptider or 
peptide-encodingunit . As will be understood by those in 

35: the art., tjiis functionaLt^ includes both' genomic ■ 
sequences. cDNA sequences and smaller engineered gene 
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aegments that ekpress, or may be adapted "^to express, 
proteins, polypeptides ;or p ptides. 

■ "Isolated substantially away from other coding 
5 sequences" means that the gene ^of interest, in this case, 
a gene encoding pathogen epitopes of polypeptides forms 
the significant part of the coding, region of the DNA 
. segment, and that the DNA segment does not contain large 
portions of naturally-occurring coding DNA, . such as large 
10 chromosomal fragments or other functional, genes or cDNA 
coding regions. Of course, this refers to the DNA 
segment as originally isolated, and does not exclude 
genes or coding regions later added to the segment by the 
hand of roan. 

15 " "■ "/ ' ' . . * - ■ 

In particular embodimients, the invention concerns 
isolated DNA segments and recombinant vectors 
incorporating DNA sequences that encode pathogen 
; antigenic species that includes within its amino acid 
20 sequence an amino acid sequence that essentially include 
one or more amino acid sequences of epitopic regions of 
the* pathbgen- polypfeptide ; 

- It will/alsd be understood that amino acid and 
25 nucleic acid sequences may include additional residues, 
such as additional N- or C- terminal amino acids or 5' or 
3' sequences, and yet still be essentially as set forth 
in one of the sequences disclosed herein, so long as the 
secjuence meets the criteria set; forth above , including 
30 the maintenarice of biological protein activity where 
, prot€;in expression is concerned. The addition of . 
terminal seqiuerices; particularly applies to nucleic acid 
sequences that may, for example, include various non- 
;coding sequences flanking either of the 5 ' or 3 ' portions 
35 of the coding region or may include various internal 

sequences, i.e. , introns, which* are known to occur within 
;genes. ■ 



wo 96/31613 PCr/tJSW/04561 

- The nucleic acid segments of the prestent invention,, 
regardless of the length of the coding sequence itself, 
may be combined with other DNA sequences, such as 
promoters, polyadenylation signals, additional 
5 restriction erizyme sites, multiple cloning sites, other 
coding segments, and the like, such that their overall 
length may vary considerably. , It is therefore 
contemplated that a nucleic, acid fragment of almost any 
length may be emplpyed, with the total length preferably 
10 being limited-by the ease of preparation and use in the 
^_ ^ intended recb^inant DNA protocol. For exampl«», hiicleic 
■ v '^"9™®"t«:-may berprepared' that a ' short 

contiguous .stretch encoding any of the immunogenic . 
polypeptide sequences -identified by-, the methods herein 
disclosed, or.that are identical to or complementary to : 
DNA sequences which encode any of these peptides. 

■It will be readily understood that "intermediati 

lengths " . in these contexts , means any. length , between the 

quoted, ranges, such as 14, .15; Tie;; 17, ,18, 19, 20, etcZr'^ 

21, 22, ,23, etc.;.>30, n,; 32, etc. ; 50, 51, 52. 53, etc' ; 

100, 101, 102, ,103, etc.; 150,; 15i; -152. 153, etc.; ' ' 

including all Integers through the 200-500; 500-1,000; 

i,000-2v00b; .2,000-3,000; 3,000-5.000^^^ ' 

includingvsequences; of about lo;ooo nucleotides and the 
like. ' ; ■ •. 
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, It will also be understood that this, invention is 
not, limited to the particular nucleic; acid sequences , 
which 6nc6de. peptides of Mycoplasma or . Listeria or only 
to pathogen DNA encoding only. epitopic regions. 
■■. Recombinant vectors and isolated DNA segments may 
■, therefore .variously include the peptide -coding regions 
' themselves, coding regijons bearing selected alterations 

,-_^35--br-modi-fications-ih7the-ba^ic-c.odih^^^^^^ 

encode larger polypeptides that nevertheless include 
these peptide- coding regions or may encode biologically 



wo 96/31613 



FCT/US96/04S61 



- 38 - . 

functional equivalent proteins or peptides that have 
variant amino acids sequences. 

The DNA segfments of the present invention encompass 
5 biologically- functional equivalent peptides. Such 

sequences may arise as a consecjuence of codon redundancy 
and functional equivalency that are knovm to occur 
naturally within nucleic acid secjuences and the proteins 
thus encoded. Alternatively, functionally-equivalent 

10 proteins or peptides may be created via the application 
of recombinant DNA technology, in which changes in the 
protein structure may be engineered, based on 
considerations of the properties of the amino acids being 
exchanged. Changes designed by man may be introduced 

15 : through the application of site-directed mutagenesis 
techniques, e.g., to introduce improvements to the 
euitigenicity of the protein or to test mutants in order 
to examine activity at the molecular level. 

20 If desired, one may also prepare fusion proteins and 

peptides, e.g., where the peptide-coding regions are 
aligned within the same expression unit with other 
proteins or peptides having desired functions, such as . 
for purification or immunodetection purposes (e.g., 

25 proteins that may be purified by affinity chromatography 
and enzyme . IcdDel coding regions, respectively). 

Recombinant vectors form further aspects, of the 
present invention. Particularly useful vectors are 

30 contemplated to be those vectors in which the coding 
portion of the DNA segment, whether encoding a full- 
length protein or smaller peptide, is positioned under 
the control of a promoter. The promoter may be in the 
form of the promoter that is naturally associated with a 

35 gene encoding peptides of the present invention, as may . 
be obtained by isolating the 5' non-coding sequences 
located upstream of the coding segment or exon, for 
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ex^mpley using recombinant cloning and/6r '^PCR™ 
technology, in cbhn^tion with the compositions disclosed 

•herein.-./ ; : 

5 In Other embbdimerits. it is contemplated that 

certain advantages will be gained by positioriing the 
coding PNA segment under the control of a recombinant , or 
heterologous;, promoter. : AS used herein, a recombinant or 
heterologous promoter is intended tO: refer to a promoter 
thdt is not nbrnially associated ^ 
...^n£oding:^pathogen • pe^ its^ natural-environment r 

Such promoters may include promoters normally associated 
with other genes, and/o^^ Prpmbters isolated, from any 
bacterial, viral, eukaryotic, or mammaliancell 
Naturally, it will be important: to employ a promoter that 
ef f ectively .iirects the expression of the DNA se^ent in • 

:J^^^.. ce^, type .^organisin, , or animair chbsen- f or — - - - 

, expressibnv : ;The use of promotW and ceU type 
combination^ for; protein expression is generally taown to 
those : of , skill in the^^^^^ 

example,, aee^Sambrook et al., 1989. The promoters 
emplpyed^may, be constitutive ,: or inducible, and can be 
; used; under the appropriate conditions to direct high 
level expression p£ the introduced DNA seg^^ ;^ : 
appropriate promoter, for use in ; high- level expression is 
-t.^e cytomegalovirus .promoter (Pharmacia^ lkb " - ^ --r^ 
Biotechnology),, although one is not limited to^ us^ of ' 
this ' promoted;.:' ■ .. . ■ 
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In, cormection i^ith: expression e^ to prepare 

recombinarit^p^dteiris and peptic is contemplated 

that longer..Dl» seginehts;will most be used, with > 

DNA segment^|encodihg: the^entire pe sequence being 

mostj,referre^ Howev^ it will be appr eciated th at th. 
use of-shorter Dl^gn,ents^ dii^ct the expression of' 
pathogen epitopic ;cpre regions, ; such as may be used to 
generate ant^-peptide antibodies, also falls within the 
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scope of the invention. DNA segments that encode peptide 
antigens from about 8 to about 50 amino acids in length,, 
from about 8 to about 30 amino acids in length, or even 
from about 8 to about 20 amino acids in length are 
5 contemjplated to be particularly useful . 

In addition to their use in directing the expression 
of the pathogen peptides of the present invention, the 
nucleic acid sequences contemplated herein also have a 

10 , variety of other uses. For example, they also have 
utility as probes or primers in nucleic acid 
hybridization embodiments. , As such, it is contemplated 
that nucleic acid segments that comprise a sequence 
region that consists of at least a 14 nucleotide long 

15 contiguous sequence that has the same sequence as, or is 
complementary to, a 14 nucleotide long contiguous DNA 
segment will find particular utility. Longer contiguous 
identical or complementary sequences, e.g., those of 
about 20, 30, 40, 50, 100, 200, 500, 1000 (including all. 

2b intermediate lengths) and even up to full length 

sequences will also be of use in certain embodiments. 

' • - " y 

The ability of such nucleic acid probes to 
specifically hybridize to peptide-encoding sequences will 
25 enable them to be of use in detecting the presence of 
complementary secjuences in a given sample. However,, 
other uses are envisioned, including the use of the 
; sequence information for the preparation of mutant 
species primers, or primers for use in preparing other 
30 genetic constructions. 

Nucleic acid molecules having sequence regions 
consisting of contiguous nucleotide stretches of 10-14, 
15-20, 30, 50, or even of 100-200 nucleotides or so, 
35 identical or complementary to DNA sequences of any of the 
DNAs disclosed, are contemplated as hybridization probes 
for use in, e.g.. Southern arid Northern blotting. 
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Smaller fragments will generally find use 'in 
hybridization embodiments, wherein the length of the 
contiguous cbit^lementary region may be varied, such as 
between about 10-14 and about 100 nucleotides, but larger 
contiguous complementarity stretches may be. used, / 
according to the length complementary sequences one ' 
wishes to, detect. 

The use of a hybridization probe of about 10^14 . 
nucleotides ixi length allows the formation of a dut)lex 

:JPoAe^ule_that .is,..both-stable-and--8 
having contiguous complementary sequences over stretches 
greater than 10 bases in length are generally preferred, 
though, in order to increase stability and selectivity of 
the hybrid, and thereby improve the quality and degree of 
specific hybrid molecules obtained . One will" generally 

:P?e|e? to^jlesign. nucleic- acid -molecules -having- gene- - 
complementary stretches of 15 to 20 contiguous - 
nucleotideB, 6r even longer; where desired. , 



Of course, fragments may also be obtained by other ' 
"techniques such as, e.g.. by mechanical shearing or by 
restriction enzyme digestion. Small nucleic acid 
segments 'or fragments- may be readily prepared by, for 
25 example, directly synthesizing the fragment by chemical 
, jneans^ ag ig commonly, practiced using an- automated 
oligonucleotide synthesizer. Also, fragments may be 

obtained. by application of nucleic acid reproduction 
technology, such as the PCR™ technology, of U.S. Patents 
4, 683, i9S and 4, 683, 202 (each. incorporated herein by 
reference) , by introducing, selected sequences into 
recombinant vectors for recombinant production, and by 
other recombinant DNA techniques generally known to those 
of skill in the art of molecular biology. 



Accordingly, the nucleotide- sequences of the . 
invention may be -used for their ability to selectively 
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fGrm duplex molecules with complementary 'bt retches of DNA 
fragments. Depending on the application envisioned, one 
will desire to employ varying conditions of hybridization 
to achieve varying degrees of selectivity of probe 
5 towards target sequence. For applications requiring high 
selectivity, one will typically desire to employ 
relatively stringent conditions to form the hybrids, 
e.g., one will select relatively low salt and/or high 
temperature conditions, such as provided by about 0.02 M 

10 to about 0.15 M NaCl at temperatures of 50**C to 70°C. 
Such selective conditions . tolerate little, if any, 
mismatch between the probe and the template or target 
strand. . Detection of DNA ;segments via hybridization is 
well-known to those of skill in the art, and the 

15 teachings of U.S. Patents 4, 965,188 and 5,176,995 (each 
incorporated herein by reference) are exemplary of the 
methods of hybridization analyses. Teachings such as 
those found in the texts, of Maloy et al., .1993; Segal 
1976; Prokop, 1991; and Kuby, 1991, are particularly 

20 relevant . 

Of ^course, for some applications, for example, where 
one desires to prepare mutants employing a mutant primer 
strand hybridized to an underlying template or where one [ 

25 seeks to isolate pathogen peptide-encoding sequences fromi 
related species, functional equivalents, or the like, 
less stringent hybridization conditions will typically be 
needed in order to allow formation of the heteroduplex. 
In these circumstances, one may desire to employ 

30 conditions such as about 0.15 M to about 0.9 M salt, at 
temperatures ranging from ad^out 20®C to about 55*C. 
Cross -hybridizing species can thereby be readily 
identified as . positively hybridizing signals with respect 
to control hybridizations. In any case, it is generally 

35 appreciated that conditions can be rendered more 

stringent by the addition of increasing amounts of 
formamide, which serves to destabilize the hybrid duplex 
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iiL the same, manner as increased temperature. \Thus/ 
V. hybridization conditions can be, readily manipulated;, and 
thus will generally be a method of choice depending on 
the desired results. 
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In certain embodiments/ it will be. advantageous to 
;. employ, nucleic acid sequences, of the present invention in 
combination with ah appropriate .means, such . as a label, - 

for det:ermining hybridization! , A wide variety of 
appropriate indicator means are known ih^t^^ art, 
including fluorescent, radioactive, enzymatic or othpf 
ligahds, such'^as'ravidin7biotih^^ 

giving, a detectable sigxial.; In preferred embodiments, , 
one will; likSly desirl to: employ a fluc^eseent label or 
an enzyme tag, such as urease . alkaline , phosphatase or 
peroxidase, instead of radioactive . or other environmental 
-'^'^^f^lI^^'^ ^ . A^ .?ase; of . enzyme Jt.ag8,:_ 
'^^''l^^'^^^^f^ ^r4^cator e^strat^B are known that can be 
employed to provide a means visible to the human eye or 
spect:rophotometrically, to. identify specif^ ^ . . 

hybridization-with domplementary nucleic acid- containing " 
.■samples'. 

■ In general, it: is- envisioned that the hybridization 
probes described herein will be useful both as reagents . 
, i? ^°^^^^°".^r^^^i?^ti9^^ as ..in .^embodiments- . - - 

employing a solid phase. In, embodiments inVolvirig a' • 

-splid phase, the test DNA (or RNA) is .adsorbed or 
otherwise affixed to a Beiected matrix or surface . This 

• fi-xed, single-stranded' nucleic acid is then subjected to 
specific 'hybridization with selected probes under desired 
conditions. The selected conditions will depend on the 
particular circumstances based' on the particular criteria 
required (depending, for example, on the G+C content, 

^type^of^ target-nucleicTacid ,-:sour^^ 

..of hybridization, probe, etc.).. Following washing of the 
hybridized surface so as to remove nonspecifically bound 
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probe molecules, specific hybridization is detected, or 
even quantitated, by means of the IcdDel. 

B. Biological Fimctional Equivalents 

5 

Modification and changes may be made in' the 
structure of the peptides of the present invention and 
DNA segments which encode them and still obtain a 
functional molecule that encodes a protein or peptide 

10 with desirable characteristics. The following is a 
discussion based upon changing the amino acids of a 
protein to create an equivalent, or even an improved, 
second- generation molecule. The amino acid changes may 
be achieved by changing the codons of the DNA sequence, 

15 according to the following codon table: 
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Table 1 


Amino Acids 






Codons 






Alanine 


Ala 


A 


GCA 


6CC 


GCG 


GCU 


Cysteine 


Cys 


C 


UGC 


UGU 






Aspartic acid 


Asp 


D 


6AC 


GAU 






Glutamic acid 


Glu 


E 


6AA 


GAG 






Phenylalanine 


Phe 


F 


UUC 


UUU 






Glycine 


Giy 


G 


GGA 


GGC 


GGG 


G6U . 


Histidine 


His 


H 


CAC 


CAU 






Isoleucina 


lie 


1 


AUA 


AUC 


AUU 




Lysine 


Lys 


K 


AAA 


AAG 






Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue CUG CUU 


Methionine 


Met 


M 


AUG 
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Amine Acids 



10 



15 



20 



Codons 



25 



AsDaraaine 




M 

n 


AAU 


AAU 






Proline 


PrA 

rfO 


r 


CCA 


ccc 


CCG 


ecu 


uiuTamme 


Gin 


Q 


CAA 


CAG 






Arginine 


Arg 


R 


AGA, 


AGG 


CGA 


C6C 


"Serine 






AGC" 


AG if 


"Wa" 


ucc 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 


Valine 


Val 


V 


GUA 


6UC 


GUG 


GUU 


Tryptophan 




W 


U6G 








Tyrosine 


Tyr 


Y 


UAC 


UAU 







For exan?,le, certain amino acids may be substituted 
for other amino acids in a protein structure without 
appreciable loss of interactive binding capacity with ■ 
structures such as. for example, antigen-binding regions' 
of antibodies or binding sites on substrate molecules. 
Since it is the interactive capacity and nature of a 
^protein that-def ii^s that Inrotein's bio^ 
activity, certain amino acid sequence substitutions can 
be made in a protein sequence, and; of course, its 
underlying DNA coding sequence, and nevertheless obtain a 
protein with liJce properties, it is thus contemplated by 
the inventors that various changes may be made in the 
peptide sequences of the disclosed compositions, or 
corresponding DNA sequences which encode said peptides 

withou^appreciableJoss_of^their^biologica^ 
activity. s ^. 
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In making such changes, the hydropat'hic index of 
amino acids may be considered. The imiaortance of the 
hydropathic amino acid index in conferring interactive 
biologic function on a protein is generally understood in 
the art (Kyte and Doolittle,. 1982, incorporate herein by 
reference). It is accepted that the relative hydropathic 
character of the. amino acid contributes to the secondary 
structure of the resultant protein, which in turn defines 
the interaction of the protein with other molecules, for 
example, enzymes, substrates, receptors, DNA, antibodies, 
antigens, and the like; 



Each amino acid has been assigned a hydropathic 
index on the basis of their hydrophobicity and charge ' 
characteristics (Kyte and, Doolittle. 1982), these are : 
isoleucihe (+4.5) ; valine (+4.2); leucine (+3 . 8)'; 
phenylalanine (+2 .8) ; . cysteine/cystine (+2 . 5 ) ; methionine 
(+1.9); alanine (+1.8); glycine. (-0.4); threonine (-0.7); 
ferine (-0. 8), rtiyptophan (-0.9); tyros 
20 proline (-1.6); histi . 

.glutamine;|-3. 5); aspartate (-3.5); asparagine (-3.5); 
lysine : (-3 .9) /^^^.a^ 



It is known in the art .that certain amino acids may 
be substituted by other, amino acids having a similar 
hydropathicihdex or score and still result . in a protein 
with similar'biological activity, i.e., still obtain a 
biological functionally equivalent protein.. In making 
such changes, the substitution of amino acids whose 
30 hydropathic indices. are within ±2 is preferred, those 

Which are within ±1 are particularly preferred, and those 
within ±0.5 are even m^^ 



It is also understood in the art that the 
substitution of like amino, acids can be made effectively 
on the basis pf hydrophilicity. U.S. Patent 4,554,101, 
incorporated herein by reference, states that the 



25 



30 



35_ 



WO 96/31613 * 

■ ■-- 47, - . \ 

greatest local average, HydrophiUcity of a' protein as 
ac'lr ^ r '"'^'^^ adj.«nt, a^L 

protein-"" " * P-P««y Of the 

residues: arginine (+3 .0) ; lysine U3 n^ 
(+3 0 + 11. «i . -lysine (+3.0); aspartate 

U3.0 ± 1); glutamate J.3.0 ± i) . serine (^0.3) . 
^ a,pa^ag.ne (.o . 2 , . glutamine glycine ) • ' 

^aiine (.1.5);. leucine (-i.s); isoleucihe (-i a)-' 
. ^.^.n.,-..3);;,.^^^^^^ 

v '^ : is "°«3«^?tpod that : an . amino acid can' be 
partLi'/^ ■ ^ " ' ^^°^°Sically, e^i,ale„t, and L 

■ -- ^^Sar't^n:s:r:r:-'^'°"^-'- - ■ 

hydrbphilicity values are ltHin t ° ''° "''"" 
which are witL Preferred, those 

Within " Tare .! Preferred, and those 

nin to . 5 are ^ven rore' particularly preferred . . 

ge;er^i:"th':1'^T' ""'"° 
-kSno aS'SS-Sn T''^"""'' •i*i««Sy of ^ 
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9. Site-Specific Mutagenesis \ 

Site- specific mutagenesis is a technique useful in 
the preparation of individual peptides, or biologically 
5 functional equivalent proteins or peptides, through 
specific, mutagenesis of the underlying DNA. The 
techniqiae further provides a ready.ability" to prepare and 
test sequence variants, for example, incorporating one or 
more of the foregoing considerations, by introducing one 

10 or more nucleotide sequence changes into the DNA. Site- 
specific mutagenesis allows the production of mutants 
through the use of specific oligonucleotide sequences 
which encode the DNA sequence of the desired mutation, as 
well as a sufficient number of adjacent nucleotides, to 

15 provide a primer sequence of sufficient size and sequence 
complexity to form a stable duplex on both sides of the 
deletion junction being traversed: Typically, a primer 
of about 17 to 25 nucleotides in length. is preferred, 
with about 5 to 10 residues on both sides of the junction 

20 of the sequence being altered. 

In general, the technique of site-specific 
mutagenesis is well known in- the art, as exemplified by 
various publications. As will be appreciated, the 
technique typically employs a phage vector which exists 
in both a single stranded and double stranded form. 
Typical vectors useful in site-directed mutagenesis 
include vectors such as the M13 phage. These phage are 
readily commercially available . and their use is generally 
30 well known to those skilled in the art. Double stranded 
plasmids are also routinely employed in site directed 
mutagenesis which eliminates the step of transferring the 
gene of interest from a plasmid to a phage. 

35, In general, site-directed mutagenesis in accordance 

herewith is performed by first obtaining a single- 
stranded vector or melting apart of two strands of a 
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double . straricied ; vector Which includes, within its sequenc^ 
a DNA sequence which encode desired peptide. An 

oligonuclebtide prinier'bearing the desired mutated 
sequence is prepai^ed, generally synthetically; This 
5 primer is;:them annetod with the single-stranded vector 
, and subjected to DNA polymerizing enzymes such as E. coU 

Pply^era^e I Klenow. fragmeht, in order to complete ^ t^^^^ 
sjoithesis of ^he mutatidn-beari^^^ Thus, a 

heterpduplex is formed Wherein oni strand encodes the 
^ originalvnpn-mutatedisequerice and the; second strand bears 
the^^esired^ rmitation. ^T^ vector is then _ 

used, tp.tran8f orm;,appropriate cellsj such as El coli. " " 

cells, and :clpnes are >^ected.. which, include recbmbinaht 
.vectors bearing the mutated sequence arrangement . 



20 



. The prep^rati^ of the selected 

peptide-encoding m«A ses^^^ 

mutagenesis -isr^x^^,; tneans producihg ~ ■ " ' " 

potentially useful species .and is not meant to be 
limiting as there ar^Vother ways in wh^ 
variants |fpep^ sequences encoding them 

.:■ " ""^y .^'^ .°btainedv For ^^^^ recombinant :vectors 

, , : encoding,,t:he :dekired^^^^^ 

. agent^^ obtain 

25 sequence yariaiits . 



30 



■.35. 



Me^ns,for,pre^^^ antibodies 
are well knownCin the art; CSee,. e;g. , Antibodies : A 
. ^^^^atory Marmal;,epad Spr^^ ^^^3. 
- incorporated herein by reference) . : ' 

The .Methods :f pr generating hu^np antibodies 
^cXBAbsI^gengrally^begin^^ 

prep^ringjpolyclpn^I^^antxbodies.;^ Bri^ a polyclonal 
antibody is prep^^ed-b^ ihrntUnizin ah animal Witla an 
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immunogenic composition in accordance With the present 
invention and collecting antisera from that immunized 
animal. A wide range of animal species can be used for 
the production of antisera. Typically the animal used 
> for production of anti -antisera is a rabbit, a mouse, a 
rat, a hamster, a guinea pig or a goat . Because of the 
relatively large blood volume of rabbits, a rabbit is a 
preferred choice for production of polyclonal antibodies. 

As is. well known in the art, a given composition may 
vary in its immunogenicity. It is often necessary 
therefore to boost the host immune system, as may be 
achieved by coupling a peptide or polypeptide immunogen 
to a carrier. Exemplary arid preferred carriers are 
keyhole limpet hemocyanin (KLH) and bovine serum albumin 
(BSA) . Other albumins such as ovalbumin, mouse serum 
albumin or rabbit serum albumin can also be used as 
carriers. Means for conjugating a polypeptide to a 
carrier protein are well known in the art and include 
glutaraldehyde, m-maleimidobencoyl-N-hydroxysuccinimide 
ester, carbodiimide and bis-biazotized benzidine . 



As is also well known, in the art, the immunogenicity 
of a particular, immunogen composition can be enhanced by 

!5 the use of non-specific stimulators of the immune 

response, known as adjuvants.. Exemplary and preferred 
adjuvants include complete Freund's adjuvant (a non- ' 
specific stimulator of the immune response containing 
killed Mycobacterium tuberculoBia) , incomplete Freund's 

0 adjuvants and aluminum hydroxide adjuvant. 

The amount of immunogen composition used in the 
production of polyclonal antibodies varies upon the 
nature of the immunogen as well as the animal used for 
5 immunization. A variety of routes can be used to 

administer the immunogen {subcutaneous, intramuscular, 
intradermal, intravenous and intraperitoneal) . The 
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production of polyclonal antibodies ma v h.^ • 
sampling blood of the i..uni.ed n jr^arva:"'"''.'' 
following inm,unization. a second h "^^^"'^ 
also be given Th. « ' injection may 

repeated^. a^iHTrrri^Lt^^^ 

, -si.ed level o^.i^j.^ ^^i;:::' 

immunized animal can be bled and th/ 
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,P°lypeptide or peptide ThrV *'"'"""'^^^ ' 

adniniatered in . '"^'Ung composition is 

' cell, is .uo pos^tblT L ' 

are preferred, withth» B»Tn/ ^'P' ^^-^l) / but mice 
Higher pe.c„ta.e o. staTle ta"- '""^ ' 

lyn^hbcytes (B een,, arTT « 
venerating protocol' ^hZ ceu l'T "" *" - 
biopsied spleens to„i,? f obtained from - 

peripheral' hl^^^'sar: " ""^-m a : 

blood cells are pSed Peripheral ' . 

rich so„rce c. ^^i^iZ^^^" '"^ 
dividing plasmablast stage and f., , " ^" 

_P«lpher.UMood-i-a-earn^^- 

•animals will ha.elen 1 » panel of 

liave oeen immunized anrf ^v,^ « t ^ 

""h the highest antibody titer .in L " °' 

I iter Will be removed and the 
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spleen lymphocytes obtained by homogenizing the spleen 
with a syringe. ; Typically, a spleen from an immunized 
mouse contains approximately 5 x lo'' to 2 x 10® 
lymphocytes. - / 

' 5, ' ^ ■ ■ - - . ■ i - ■ — - - ■ .. 

The antibody -producing B lymphocytes from the 
immunized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same species as the 
animal that was immunized. Myeloma cell lines suited for 

10 use in hybridoma-producing fusion procedures preferably 
are non- antibody -producing, have high fusion efficiency, 
and enzyme deficiencies that render then incapable of 
growing in certain selective media which support the 
growth of only the desired fused cells (hybridomas) . 

15 ' " ; ■ ■" .; 

>jiy one of a number of myeloma cells may be used, as 
are known to those of skill in the art (Goding, pp. 
65-66, 1986; Campbell, pp. 75-83, 1984). For example, 
where the immunized animal is a mouse, one may use 

20 P3-X63/Ag8, X63-Ag8:653, NSl/l.Ag 4 1, Sp210-Agl4, FO, 
NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bui; for 
rats, one may vise R210.RCY3, Y3-Ag 1.2,3, IR983F and 
4B210; and U-266, GM1500-GRG2, LICR-L0N-HMy2 and UC729-6 
are all useful in connection with human cell fusions. 

25 . . ■ ,'\ .. ' . . : ■/ 

One preferred murine myeloma cell is the NS-1 
myeloma cell line (also termed P3-NS-l-Ag4-l) , which. is 
readily available from the NIGMS Human Genetic Mutant 
Cell Repository by requesting cell line repository number 

30 GM3573. . Another mouse myeloma cell .line that. may be used 
is the 8-azaguanine-resistant. mouse murine myeloma. SP2/0 
non-producer cell line.' 

Methods for generating hybrids of antibody -producing 
35 spleen or lymph node cells and myeloma cells usually . 

cbmpris mixing somatic cells with myeloma cells in a 2:1 
ratio, though the ratio may vary from about 20:1 to about 
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1:1, respectively, in the presence of an agent or agents 
(chemical or electrical) that promote the fusion of cell 
membranes. Fusion methods using Sendai virus have been 
described by Kohl er and Milstein (1975; 1976) , and those 
using polyethylene glycol (PEG) such. as 37% (v/v) peg, 
by Gef ter et ai, . , (1977) . The use of electrically 
induced fusion methods is also appropriate (Coding pp. 

' _ Fusion procedures usually produce viable hybrids at 

not pose a problem, as the viable, fused 
hybrids are differentiated from the parental., uhfu.ed 
n!™„ ""^ ""f'^'i Wlon^ cells that would 

' TZllT'T " ''"''^ by culturin, i„ 

onrthit r'''""^ -^=«lve medium is generally 

■ sv^tf '°"""= " ^^ent- 'hat blocks -tH-.-ae - - 

°' ""^1-"*" the tissue culture media. 
^-"Pl'-T and preferred agents are anunopterin, ■ 

methotrexate, and azaserine. Aminopterin and 

methotrexate block de novo synthesis of t^fh • 
Dvrimi,4,„.. I. ■ ol both purines and 

Pyramidines, whereas azaserine blocks only purine 
synthesis. Where aminopterin or methotrexate is used, 
the medra IS supplemented with hypoxanthine and thymidine 

is used t"e d""°'^""" • 
_^ xs used, .the_media-is supplemented Wth hypbxihthiner V 

capab!e\r"""' "^^tion medium is HAT. only.cells . 
capable.of operating nucleotide salvage pathways ari able 
to survive in HAT medium. The myeloma cells are 
defective in key enzymes of the salvage pathway e , 
hypoxanthine phosphoribosyl transferase mPRTK a^d ^iey 

buTtherh""'- - operate this pathway, ' 

but they have a limited life span in culture and 

-generally die^SIthiS about" two weeks" Th.v..* ' . 
onlv c.ll= fk.^ weexs, Therefore, the , 

those s i ^"'"^ «l-"ive media are 

those hybrids formed from myeloma and B-cells. 
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This culturing provides a population '^of hybridomas 
from which specific hybridomas are selected. Typically, 
selection of hybridomas is performed by culturing the 
cells by single-clone dilution in microtiter plates, 
5 followed by testing the individual .clonal supematants _ 
(after about two to three weeks) for the desired 
reactivity. The assay should be sensitive, simple and 
rapid, such as radioimmunoassays, enzyme immunoassays, 
cytotoxicity assays, plaque assays, dot immune -binding 
10 assays, and the like. 

The selected hybridomas would then be serially 
diluted and cloned into individual antibody- producing 
cell lines, which clones can then be propagated 

15 indefinitely to provide mAbs. The cell lines may be 

exploited for mAb production in two basic ways. A sample 
of the hybridoma can be injected (often into the 
peritoneal cavity), into a histocompatible animal of the 
type that was used to provide ' the somatic and myeloma 

20 cells for the original fusion. The injected animal 
develops tumors secreting the specific monoclonal 
antibody produced by the fused cell hybrid. The body 
fluids of the animal, such as serum or ascites fluid, can 
then be tapped to provide mAbs in high concentration. 

25 The individual cell lines could also be cultured in 
. vitro, where the mAbs are naturally secreted into the 
culture medium from which they can be readily obtained in 
high concentrations. mAbs produced by either means may 
be further purified, if desired, using filtration, 

30 centrifugation and various chromatographic methods such 
as HPLC or affinity. chromatography . 

********** 

35 The following examples are included to demonstrate 

preferred embodiments of the invention^ It should be 
appreciated by those of skill in the art that the 
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techniques disciosed in the examplies , Which*' follow 
represent techniques discove^^ 

function well in, t the invention, and thus 

can be considered to constitute preferred modes for its 
5 .practice. Hpwever^ t^^ skill in the art should^ in 

light of the present disclosure, appreciate that many 
changes can. be made in the specif ic embodiments which are 
disclosed M^^^^^^ a like or similar result 

yithout departing froni the spirit ^a^^^^ the 
^•lO--. ■ ihyention:, ■iT;;'^""'' . V' ; "■r ' . 
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:^Materta'l:s' aiid.'Methb .^-^.^^ .... .„ ^ 

: Vector cpnetxTict^^^ W^GH waiW const rue te<i by- 
insert ion of the, genomic hGH sequence from b^-GH-ori 
{^rry, ;^t al; 1994) as a. BajrtHI fragment into the- Bgl 1 1 

19.89) ] , , CM7-^-Fl&3 yas constructed^^ knocking: put the ^ 
BanHl in CMV-GH and inserting the annealed,, kihased 
oligonucleotides, ; GATCTTGGATCCTAAGTAAGTA {SEQ ID NoVi) / 
and AGCTTACnrrACTTAGGATCCAA (SEQ ID.N0:2), into 
V ^f-^II-Windlll-digested CMV-GH.. was constructed 

similarly by inserting the. oligos , GATCGGATCCTAAGTAAGTA 
(SEQ ID NO: 3) . and AGCTTACTTACTTAGGATCC (SEQ ID NO: 4) in 
25 BgJll.j/ihdlll-digested CMV-GH. MycoplaBma pulmonis- 

f^^^}^ -wa? igje-own in. miquestimedla .for -isolation, of r ^ 
: genomic DNA. . Listeria monocytogenea vaa grown .in LB. 
. Genomic DNA Waf isolated from each as described Ausubel, 

■ 1992 . Each genomic DNA was partially digested with «boI 
30 to an approximate mean fragment . size of 0.5. kilobase 

. pairs.^ CMV-GH-F2 were digested with 

BairtHI or: Bglll^ahdvdephosphorylated with bhr imp alkaline ' 
:.. phosphatase. ^Each Vector was liga ted with a 5- fold v ' 
excess of genomic Afbol fragments and electroporated into ■ 
-35; TGI bacteria : I Transf oraaht '"^ 3jy ' 

Plating seriafj dilutions pntb. yt-an?jiciilin plates ^nd , 

■ approximately -3000 trans formants were grown overnight ih 
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LB^ampicillin and frozen. 5 ml of this overnight grow up 
was used to inoculate a 500 ml LB -amp culture from which 
plasmid DNA was prepared using Qiagen plasmid 
purification columns. 

. 5 : ■ " ■ \- - - - - ■ ■ - - - - ■ ^ . - - ... 

Animals. Mice were treated in accordance with 
institutional guidelines. Prior to immunization, the 
mice were anesthetized with 0.5 ml of avertin i.p. and 
their ears depilated with Nair™. Up to 2.5 fig of 
10 plasmid DNA was loaded on 0.5 mg of 1-3 /xm gold 

microparticles for each inoculum. The total amount of 
DNA to be delivered was delivered in 4 inoculums into 
both sides of both ears using the hand-held biolistic 
gene, gun described in Sanford, 'et aJ, 1991, . 

15 

Measur^ent of Delayed- type Hypersensitivity (DTH) . 
DTH was evaluated by injecting PBS into the right rear 
footpad and PBS containing 50 ^g sonicated MP cell 
protein into the left rear footpad, A dial gauge caliper 
was used to measure the change in footpad thickness 
induced 24 h after, injection. Three readings were 
measured and averaged. 

Macrophage Migration Inhibition (MMI) . MMI was 
25 evaluated by filling a glass capillary tube with 100 fil 
of spleen cell suspension (1x10® cells/ml) -from each ' 
mouse and placing it horizontally in a well of a 24 well 
plate immersed in RPMI media in the absence or presence 
of 50 g/ml sonicated MP protein. After 24 h/ the area of 
cell migration out of the tube was measured by digital 
imaging. The area of migrated cells from control animal 
was averaged. Less migration was indicative of release 
of MIF from T-cells previously activated against MP 
antigens by immunization. Release of MIF in this assay 
35 results in reduced area of migrated cells from the 
capillary. 
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EXAMPLE 1 

This example illustrates that a diverse library of 
plasmids can be inoculated and still produce an inunune 
5 response to each encoded antigen. Theoretically a 
library including all the genome could be inoculated, 
ejcposing the host to all the pathogen's proteins. 
However, inoculation with 1 |ig of a library of 10,000, 
for example, would result in delivery of only 0.1 ng of 
10 each individuar plasraid. ; This demonstration was important 

.^_£S?^ Addressing ti^^^ _had- 

shown that ' inoculiation of i Vg of DNA. encoding hGH ' 
produced ohiy, approximately 0.1 n^ of protein. Typical 
procedures for immunization utilize 10-100 >g of protein. 
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Determination of Aawsimt Required for Immune Response 

Mice were inoculated with various amounts of DNA 
encoding human growth hormone (hGH) and tested *f or 
^^?^^^°5^ies against hGH (FIG.. 2) . Considering the need for 
efficiency, the gene gun was used rather than needle , 
injection into muscle or dermis; since the gene gun 
appears to require less DNA for a given response (Fynan 
^et aJ. 1993) . 



. . Mouse se^^^^ recovered by. tail vein bleed. 10 days- 
after gene inoculation. hGH antibodies were measured by 
.a modified ELISA protocol which makes use of the highly 
sensitive, wide range, luminescent: ^-gaTactosidase assay 
30 (Galactolight™-Tropix) able to detect fg to ng of 
iff-galactosidase activity .. 

100 ng of hGH protein in 100 Ml PBS (137 mM NaCl, . 
2.7 mM KCl, 8,2 raM NajHPO^, 1.5 mM KH2PO4, pH 7.4) was. 
35- coated-into-each7well^f 1^96^61 ipli^^^ 

2 h at room temp. The wells were blocked by the addition 
• , of 300 111 of 5% dried milk in TEST (150 mM NaCl, 10 mM 
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Tfis, pH 8, 0.1% Tween) for 1 h. The wells were washed 3 
times with TEST and 200 /il oi a 1/250 dilution of mouse 
sera was added for 2 h at room temp. This solution was 
removed, the wells were washed 6 times with TBST and 200 
5 /il of a 1/100.0 dilution of goat ant i -mouse ' 

IgG-/S-galactosidase conjugate in TEST was added for 1 h. 
The wells were washed 5 times in TBST and once with PBS. 
200 ^1 of complete Galacto-light reaction buffer (l/lOO 
dilution of galacton concentrate in reaction buffer) was 

10 added to each well and incubated for 30 to 60 min at room 
temp. This solution was then transferred to luminometer 
cuvettes, 300 /il of Galactolight accelerator was added 
and luminescence was measured 5 sec later by integration 
for 10 sec on a Berthold BIOLUMAT 9500e luminometer. 

15 Relative antibody titers are expressed in b-galactosidase 
lumens (FIG. 2) . 

Surprisingly, antibodies were detectable following 
inoculation of as little as Ing of hGH DNA, consistent 
20 with previous reports (Eisenbrauh, et al, 1993). This 

indicated that libraries of at least 10^-10* .members werej 
possible with 1/xg of DNA. 

EXAMPLE 2 

25 ^ _ ■■ ' 

Expression library immunization in mice was tested - 
using the pathogen Mycoplasma pulmonxB (MP) , a wall -less 
bacteria. MP has a relatively small genome of -10^ base 
pairs (Neimark and Lange, 1990). MP is an extracellular 

30 pathogen that colonizes the lungs and other tissues 

(Lindsey, et aJ, 1978).. This bacterium was considered to 
pose a challenge for creating a representative library 
because it has an unusual codon usage (i.e. the 
tryptophan codon of MP is a stop in mammalian cells 

35 . (Yamao, et al, 1985) so that it appeared problematical 
that wider range expression of a library would be 
possible in mammalian cells. Additionally, MP is an 
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I endogenous pathogen in rodents (Cassell, 1982) V often 
. .causing losses in animal supply, colonies, and any 

effective vaccine discovered would be: a potential benefit 
to, those maintaining large rodent colonies. 
■ 5 ■ ' ■■ •:, , ■ ./ ' ,' ■ ' '■ 

Mycoplasm vaccination with a Mycoplamn Sib Library • 

; ■'^ ^^^^^^ was constructed by inserting partiall^^ 
. digested MP DNArinto the last exonpf the hGH gene under 
10 control of the CMV promoter-: The hGH gene contains a . 
-_-_signa;--seguence-a-li 

.fusion proteins., Since the fragments of MP DNA inserted 
, J^andomly only, i of the ones corresponding to open , 
reading frames would be expected to be in- frame. To 
: i-nclude all possible antigens, MP fragments were fused 
into 3 different frames of hGH sequence and with stop . 
codons -in -3 -f rames-at- the ;3 ' end (FIGr s r. -Nine " : ~ 
independent (sib) libraries were constructed, each with 
r300.p members. Over 95% of the plasmids bore inserts . 
with a. median size' of -400 bp. . r'\. 
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■ Two of these sib libraries- (MPl. land MP2. 3) were 
inoculated separately into the skin of the ear, of mice, . 
■ with 10 ,ig introduced in a total of four,: inoculation ' 
25 sites. These inoculations contained -1 /zg" of MP DNA, ' 
. = representing-^ the-eguivalene of : -ijcl0» MP genoihe^^' ' 
' 10«- fold more; than introduced in a normal MP infection. . 
V As ^hegative controls, a plasmid encoding. hGH alone or a 
• comparable hGH fusion library with DNA from Listeria . 
inonocytogenes.were inoculated in the same ..fashion. , Sixty 
days after the, first inoculation, and ten. days after the 
last inoculation- the mice were challenged by: intranasal • 
introduction of MP. Two weeks later, the mice were : 
t ested for MP infection. All of th e control min. 



(non-inoculated and inoculated with hGH or Listeria DNA) 
had loS to 107 mycoplasma in lung lavages even after the 
lowest (103) challenge. Lung sections from these mice 
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showed significant lesions in the lung at^the lowest 
challenge (FIG. 4A and FIG ,48) . 

In remarkable contrast, the mice inoculated with 
5 either the MPl.l or MP2. 3 library had/no culturable 

mycoplasma even at the highest challenge and showed no 
evidence of lung lesions (FIG. 5). 

Ant i -mycoplasma immune responses were characterized 

10 by several assays (Table 1) . Mice vaccinated with 
libraries MPl . 1 and MP2 . 3 demonstrated strong 
delayed-type hypersensitivity (DTH) to MP proteins, while 
there was little or no response in the control animals. 
Histological examination demonstrated massive mononuclear 

15 cell infiltration in the MP library- injected mice but not 
in control mice (data not shown) . These DTH responses 
indicate that T-cells have been activated against 
mycoplasma antigens by inoculation of the MP libraries. 
Similarly, T-cells from mice immunized with MPl.l or 

20 MP2.3.were primed to mycoplasma antigens and released 

migration inhibition factor (MIF) in macrophage migration 
inhibition tests. Mice were immunized as described, in 
FIG. 6. Anti-hGH and ant i -MP antibodies were measured by 
ELISA from sera taken 10 days after the second 

25 inoculation. 2 mice from each group were tested for DTH" 
and MMI 12 days after the last immunization. Control / 
refers to un- immunized mice. Results are shown in 
Table 1. 
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Table 1. Immune Responses Induced by ELI Libraries. 





AntigGH 
Antibodies^ 


AntiMP 
Antibodies^ 


MP-specific 
OTH(mm)^ 


MP-specific 
MMI (%)* 


Control 






2.3 ± 0.4 


0 


MP 1.1 


■+ 




16.4 ± 0.4 


71.8 


MP 2.3 


. ■ + 


+ 


19.8 ± 0.3 


73.3 



10 



.is" 



2d' 



25 



30 



35 



. „ HiuiBiii. n uBsignaiw no aniioomes, |+| indicates leve s 

detectable onirat dilutions of 1/250. 

indicates levels detectable only at dilutions of 1/50. 
,MP:$peijf^^^^^ 

tootpad thickness induced by injection of MP antigens in PBS relative to that of PBS 
alone J20). Net footpad thickness jxlOOmm) - Upost MP injection minus pre-MP 
injection) minus post-PBS injection), 

^MP^spe^ficmLcro^^^^^ 

the omiula: (A-Bj/AxlOO. where A- the area of macrophage migration in media and 
B - tne area of macrophage migration in media containing MP antigen (21 ). 

, MPl . 1. and MP2 . 3 mice showed ■relatively low- 

tit ersd antibodies against . hGH arid mycoplasma. pfoteins 
/ (Table 1} . Though all library members encode hGH and : ' 
inoculation of hGH alone induced strong antibody titers; 
the fusion proteins may be restricted in their, ability to 
be^ secreted and produce a humoral response: A similar 
:r low-.titer of-hGH Wi a ListeSa 

• library . !' • ■, ' ''■ . 

• V In another experiment, mice were immunized three 
times, in a 30 day rather than 60 day regime. to determine 
how rapidly protection could be initiated. This 

■ shortenecJ protocol elicited substantial protection with 

the control mice having lo^ more culturable pathogen at a' 
_giyen^ijvj^aOno^ 
experiment the protection was not as complete. This 
difference may arise because of the longer period of.; 
immune/response before the challenge. 
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\' _ . : ^EXAMPLE 3 " 

A Listeria ELI library was created in the same 
maimer as that ifor mycoplasma/ 



5 



Express ion Library Immunization with Listeria. 



/ Genomic DNA from Listeria jnonocytogenes was isolated 
and partially digested to an approximate mean fragment 
10 size of 0.4 kilobase pairs. These fragments were liga ted 
into the human growth hormone sequence to generate a 
- library which was sibbed into 21 sub-libraries of 

approximately 3000 transf ormants each.: A larger set of 
. : sibs was constructed since the genome size of Listeria is 
15 approximately 4 times that of Mycoplasma. 

A total of 10 /ig of the indicated 3000 transf orraant 
sil>(s) or parent plasmid was loaded on 0.5 mg of 1-3 /xm 
gold mictoipart idles and delivered into the ears of * 

20 anesthetized 5-6 week old female Balb/C mice using a 
hand-held biolistic- gene gun (Sanford et al. (1991)) v 
Thei gene giin was used to maximize the efficiency of 
immunization. Mice were immunized 3 times over 60 days 
and challenged 7 days after final immunization with" 

25 approximately 1x10^ listeria monocytogeneahy intravenous 
injection into the tail vein. Three days later, thermice 
were sacrificed and listeria recovered from their spleens 
and counted. > 

30 Results are shown in FIG, 7; Inoculation with two 

of the sib libraries provided substantial protection on 
challenge with Listeria inonocytogenes compared with 
contrblis. ^ ^ 
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EXAMPLE 4 



The in vivo methodB for identifying and developing 
expression library vaccines as described in Examples 2 
5 and 3 are equally applicable to testing and sibbing of 
libraries ex vivo. This example illustrates an ex vivo 
method of identifying ia vaccine. 



10 gjt vivo Ideatlfieatlon of Sib Library Vaecin«s 

Cells or sera from an animal immunized with a sib 
are tested for reaction against, mammalian cells, , 
transfected with the same or another sib. To test for 
15 cellular responses, transfected cells are plated in 96 
well plates a single or multiple clones per well. Cells 
from, .the: blood, --spleenr iymph-nodes7-or other sites-are ' 
added to the wells and, either CTL activity, 
proliferation, or cytokine secretion measured. ; -A well in 
■which a . positive- reaction occurs will indicate that the 
antigen gene transfectfed into the cell elicited the 
particular immune response which was assayed.. 



20 



This approach, allows particular, modes of immune 
25 responses to, be screened to avoid known deleterious 

immune- events -such 5as autoimmiine' damage -in Chaga's" '^ " '. 
disease (Parham, (1994) . A similar approach is used 
with bacterial, viral, yeast, or other cellular carriers 
in the absence or presence of antigen presenting cells 
30 such as macrophages. . Antibodies from sera or other sites 
could be -tested against purified ELI antigens' (e.g. 
glutathione fusions) or cellular extracts from the above 
carriers in an antibody capture ELISA. For those 

antigens th at are secreted or loca ted on the surfa ce of 

the carrier, antibodies from the immunized mouse can 
capture these antigens in ELISA. Although most screening 
will preferably be performed using cells or antibodies 



35 
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from ELI -immunized animals, similar ex vivvo screening may 
be performed using reagents from animals infected with 
the legitimate pathogen. 

5 _ EXAMPLE 5 

The inventors expect that MP genomic fragments may 
\ be cloned into the a fragment of ^-galactosidase such 
that mycoplasma antigens will be synthesized inside the 
10 E. coll. Engulf ment of the bacteria will result in 

presentation of the mycoplasma antigen and immunization. 

A similar library may be constructed where the 
mycoplasma antigens are secreted from the E. coli into 

15 the gut where they will activate IgA immunity which 

extends from. the gastrointestinal tract into the lungs 
and nasal passages. These bacterial libraries will be 
introduced/ in other locations such as the peritoneum or 
sub-cutaneously to elicit immunity in other locations. 

20 The bacterial libraries can be introduced in osmotic 
pumps to avoid infection or as killed preparations. 

An alternate bacterial host for the libraries is 
Listeria monocytogenes, since this bacterium invades 
25 macrophages and elicits MHC class I-restricted antigen 
presentation (Schafer, et al, 1992).. 

Antigen libraries can also be built onto the coat 
proteins of bacteriophages. For example, antigens can be 
30 added to the pill and pVIII proteins of bacteriophage 

fdTET. An advantage of bacteriophage libraries is that 
they are expected to have no pathologic effect on the 
organism \inlike living vectors. 



35 



Finally, ELI antigens can be created in vitro in E. 
coli expression systems by fusion to glutathione S- 
transferase or another fusion protein and inoculated into 
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^^"^^^ ^'^ a soluble protein bolus to elicit antibody 
responses. 

Aiternately, ; the library proteins ^^c^^ 
on agarose, paramagnetic, iron, or latex beads which can 
elicit cytotoxic ,T lymphocyte activity following 
phagocytosis of the beads by macrophages (Kovacsovics- 
Bahkbwski, (St al, 1993) . 



In- additioA to inoculation of DNA into, animals, it 
is expected that ELI can be performed using pathogen 
^ libraries trahsfected into syngeneic animal cells and the 
15 cells subsequently introduced into the animal. Ohce in 
the animal, the transfecited cells can present library 
i^ntigeft^ -Library antigens - - - 

may als^o b« cloned into mammalian vir^^ 
adenovirus or vaccinia and inoculated into animals or : 
20 cells rather than naked DNA. . - ^ ' . . 

Atlier a;r)prpaches include expressing antigens 
in E. coJi or other bacteria (e.g. listeria) , yeast, 
bacteriophages, or other cellular vehicles which can be " 
introduced ihto the animal . to elicit an immune response . 
Others- have demonstrated that E. coJi expressing a single 
mycpplasma antigen fused to ^-galactosidase introduced 
> into the gut of mice^ e immunity to mycoplasma (Lai, ' 



25 



30 



35 



^ J^^ietir of- a^^ the 
isolatitm of |indi vidua! vaccine geines using ELI. The 
success ; of each d^endsf on the number and degree of 
cooperative e^fep^s betwee n antigen gen es ; Two typeB^fJ^ 
protective gf^nes sire expected .to be detected in the 
practice of ;|he dificlosed, method in ; the course of sibbing 
a library. an-;exampie, a finite set 6f antigen gene, 
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fragments that are independently protective may be found 
for a particular pathogen. For these types of genes, a 
sequential sibbing protocol can be used in which a 
positive sib is divided into smaller sibs to be tested in 
5 the target organism for protection (FIG. 8). Reiterative 
sibbing and testing for protection will eventually 
isolate individual protective genes from the library. As 
the proportion of protective gene fragment increases in 
sequential sibs, protection should increase to some 

10 .maximal amount. For example, in a 3000 transformant sib, 
only 3 ng of a single independent protective clone is 
delivered to an animal in 10 /xg of sib DNA, After 
sibbing to a 100 transformant library now 100 ng of the 
positive clone would be delivered in a 10 /ig immunization 

15 resulting in as much as a 33-fold increase in protection 
(up to a certain level). It is expected that these types 

, of genes will have additive protective effects when 
combined with other genes of this class. 

20 There may also be antigen genes that require the 

presence of one or more other antigen genes to confer 
resistance. In this situation, sequential sibbing will 
eventually result in near total loss of protection in all 
sibs at a certain level of division. To isolate these 

25 cooperative gene, a positive sib is divided into 

overlapping halves (FIG. 9) and tested in animals for .; 
protection. If only one half sib conferred resistance, 
this indicates that two or more cooperative genes are 
located in the two quarters and that loss pf either 

30 totally abrogates protection. A positive half sib is 

then broken in alternate patterns to isolate a smaller, 
sib containing the protective plasmids. This process is 
reiterated until the minimal set of genes is isolated. 

35 Both approaches may be tested in parallel since both 

classes (and others) may be observed. Computer 
controlled sibbing is. expected to facilitat this process 
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since individual DNA isolates, can be: created at the 
beginning of the sibbing process and algorithms can be 
^ created to combine clones in either approach. 



EXAMPLE 7 



10 



The expression library is constructed to represent 
at least a substantial portion of the pathogens genome.; 
Bacterial pathogens have genomes of approximately 3x10^. 
base pairs. If each fragment is about 1x10? bp, a genome 
^ 'T^^^^X?5^nt :^woul d "bC approjd;*^^ 

, considering only 1/16 would be in frame. .To capture all 
possible coding sequences , the fragments are ligated into 
; vectors that place them into each of three forward coding 
15 frames, thereby generating a set of three master 

libraries. Three genome equivalents for each master 

,__:„^ui-ib3.ary~ would-be r5 :4x^^ The^ maste^^genbm^ 

expression library is maintained as a collection of sib 
libraries, each containing l/io to 1/20 of the total. 
20 The size of the sib library is dictated by certain **. 
-considerations, including the lowest amount of DNA that 
can be inoculated and still produce an immune response. ] 

/■ , Mycoplasm protection has been achieved with two 
25 different libraries of 3000 transformants (MPl.l and 
. ~- MP2 . 3T containing" art uhkhbvm^liUTnbe r^^ 
/gene fragments. These sibs differ in that mycoplasma 

fragments were cloned into two different coding frames of 
hun^an growth hormone.. It thus appears unlikely that the 
same antigen fragment is conferring protection in both " 
libraries, indicating that theris are minimally 2 
independent protective genes or ah unknown number of 
cooperative protective genes in 6000 total transformants . 
^iI}S^^9I^Al§^J^ cl ones s hQuld^xpress^a^reai:^mycoplasma 



30 



35 



protein fragment, a' minimal estimate is 1/500 exjpressing 
clones are protective. To estimate the maximal number of 
protective independent clon s, '^2 sibs were created, from 
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MP2.3 in which each contiained 69 transf 03rmants (MP2.3.01. 
and MP2.3.02) aifd approximately 11 mycoplasma antigen- 
expressing clones' each. Inoculation of these sibs into 
mice resulted in little or no protection. This suggests 
5 that the maximum number of independent protective clones 
is less than 1/22 expressing clones. From this it is, 
estimated that there are approximately 10 to 200 
independent protective antigen genes and an unknown 
number of cooperative genes in the total mycoplasma 
10 library of 27,000 trans formant s . A complete sibbed 

mycoplasma library sibbed to completion will allow an 
accurate estimate for this organism. FIG. 10 is a 
cartoon summarizing in general the immunization protocol. 

15 For viral pathogens, sibbing will be proportionally 

simplified since their genomes are 10 to 1000-fold 
smaller than mycoplasma. 

The results of the present work indicate that 
20 . different organisms and different types of libraries 
(i.e. .different fusion proteins, different delivery 
systems) will yield a wide numerical range of protective 
. genes. ' 

25 

All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While 

30 the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may 
be applied to the methods and compositions and in the 
steps or in the sequence of steps of the methods 

35 described herein without departing from the concept, 

spirit- and scope of the invention. More particularly, it 
will be apparent that the methods and concepts have a 
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very wide range of application to virtually all 
categories of human and non-human pathogens and while . 
demonstrated with two pathogens could be applied to any 
foreign DNA, including cancer. All such similar . 
5, applications and substitutes apparent to those skilled in 
the art in view of the present disclosure and known 
V techniques are deemed to be within the spirit / scope and 
concept of the invention as defined by the appended 
claims. 
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- ~~ ' ■ • SEQUENCE LISTING 

. (1) GENERAL INFORMATION: 

5 ■■ : : ;■■ " ^ ■ - '^v.^^; . " • : . , ■ 

(i) APPLICANT: ; ; 

(A) : NAME V BOARD OF R£C3EN^ THE UNIVERSITY OF 

v; ' TEXAS 'sysjtem:- ; 

(B) STREET: 201 West 7th Street 

; , (E) COUNTRY : United States of America 
. ; (F) POSTAL CODE (ZIP) :' 78701 

vl5 (ii) :tlTLE OF INVENTION: EXPRESSION LIBRARY 

_ ■ , IMMUNIZATION 

( i i i ) NUMBER OF SEQUENCES : 8 

20 ( iv) COMPUTER READABLE FORM: 

• (A) MEDIUM Floppy disk . 

K (BV . ■ • 

: : f (C) OPERATING SYSTEM: PC^DOS/MS-DOS 

:y; (D) SOFTWARE: Patentin Release #1,0, Version 

■■'v-:^"^C::^v^.--v;:V^ #1-30 (EPO) - ; '■■'■•■.f'". 



(2) : INFORMATION FOR. SEQ ID !^0 : 1 : 

" ( i) SEQUENCE CHARACTERISTICS : 
\ ( A j LENGTH : 2 2 ba se . pairs 

^ (C);; STPJ\NDEDNESS: single 

; (D) ;T0P0IXX5Yr linear • : 



35 



(xi);: SEQUENCE ^ ID NO: i: 
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GATCTTGGAT CCTAAGTAAG TA 
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(2) INFORMATION FOR SEQ ID NO: 2 



5 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

* (C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 

' . /' (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AGCTTACTTA CTTAGGATCC AA 22 

15 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GATCGGATCC TAAGTAAGTA '20 

30 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS: single 

CD) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
AGCTTACTTA CTTAGGATCC 20 

5 " ' 

(2), INFORMATION FOR SEQ ID NO: 5: • 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH:. 32 base pairs 

(B) TYPE: nucleic acid 

-r— - - (Cr^TRANDElSJE^ single" - 
(D) TOPOLOGY: linear - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

15 '■ ■ , • ' ■ 

^CTGGGCAGA TCTI^hTCC TIAGTAAGTA kG 32 

(2) INFORMATION FOR SEQ ID NO: 6: / 

20 - ' ' ■ ' ■ ■ ^ ' - 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid : 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 



■ / 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Thr Gly Gin lie Leu Asp Pro Lys 

30 1 ■ 5 



(2) INFORMATION FOR SEQ ID NO: 7: 



35 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
ACTGGGCAGA TCGGATCCTA AGTAAGTAAG 



10 



(2) . INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

15 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



20 



Thr Gly Gin lie Leu Asp 
1 5 



wo 9601613 



- 79 - 
CLAIMS g 



PCT/13S96/D4561 



10 



15 



30; 



1.. A thethqd of inducing an immune response in an 
animal, comprising: \ V , 

(a) preparing a cloned expression library from cDNA 
or fragmented genomic DNA of a selected cell;. 

• and"' ' , , ■ ■■ ■ . ' \ , ■ ' ■ 

:(b) introducing one or more clones of said library 

"y~T ^ " T T^Atp^ the" :animaI7in 

■ an immune. response against one or more antigens 
. ' ^.that may be encoded by said clone or clones. 



2 ^ The -meth^^ of - claim 1 wherein the selected cell is a 

.^pat;hogenT^*-^:---^7-----^ — ^-^7;- — -. 



20 3; The method of claim 2 wherein the pathogen is a V 
virus/ yeast/ mold, yeast, algae or protozoa. 



4. The; method of claim 1 wherein the seiected^cell is a 
25 tumor cell. 



5. The method of/claim 1 wherein, the selected cell is a 
bacterial, cell. • : ^ 



^ 6 .' The method of claim 5 wherein the bacterial cell is 
. identified b.b Mycoplasma pixlmonis pr Liateria 
Tnonocytogenee . \ : ' 
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1- The method of claim 1 further comprising testing the 
animal for an immune response. 



5 8. The method of claim 7 wherein the testing comprises 
challenging the animal with the selected cell. 



9, The method of claim 7 wherein the testing comprises 
lb determining a specific binding reaction between a. 

selected cell antigen and one or more antibodies obtained 
from the animal . 



15 10., The method of claim 1 further comprising obtaining 
antibodies generated in response to one or more antigens 
encoded by the introduced clone or clones. 



20 11. The method of claim 1 wherein the cloned expression 
library is prepared using a bacterial host cell. 



12. The method of claim 1 wherein the cloned 
25 expression library is prepared using a mammalian host 
cell. 



13 . The method of claim 11 wherein the bacterial cell is 
30 an E. coli . 



14. The method of claim 1 wherein the DNA is fragmented 
physically or by restriction enzymes. 

35 
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15~, The method of claim 14 wherein fragments are cdDout 
100-1000 bp- 



;5 16. The method of claim 14 wherein the fragments are 
V about 400 bp. 



17. The method of claim l-wherein the a 
10 vmammalian gene. 



18 . The method of . claim IT wherein the mammalian gene 
encodes a fusion protein. ' ' 

15 ■ . ■ * ■ . ; ■. ■ . J , , 

^ . ^_l,9v -The-method of claim 18-wherei^^^ th¥"fusion protiein "ia 
ubiquitin or human growth hormone. 



20 



20. The method of claim 1 wherein the library is about 
IxlO^ to about 1x10*^ clones- ^ 



25 21. The method of claim 1 wherein the library is about 
^ - -lO^-to -about ;io^ c^ -y---^^-^' r-..-^.—^ . . _ . 



, . 22: The method of claim 1 wherein the library is about 
30 10^ clones. . 



35 



23. 



The method of claim 1 wherein about 8 jig to about 12 
of DNA is introd uced into the animal. ^ 
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24". The niethod: of claim i wherein about io jxg of DNA is 
introduced into the animal , 



5 25 . The method of claim; 24 wherein the DNA is intro^^ 
by gene gun or injection. 



10 



26. The method of claim 1 wherein the expression library 
comprises a vector that includes. a promoter suitable for 
expression in a manmialian cell. ^ 



27. The method of claim 26 wherein, the vector includes a 
15. signal sequence positioned upstream of the. DNA. 



28. .The-method bf . claim 1 further including identifying, 
one or more clones that; provide protection against 
20; challenge by the pathogen. 



29. A pharmaceutical composition. comprising one or more 
antigens of a pathogen obtained from a population of 
25 antigens expressed in an;, animal inoculated with a cloned 
expression lib'rafy. from cDNA or. fragmented genomic DNA of 
said. pathogen in a pharmaceutical ly acceptable vehicle. 



30 30. The. composition of claim 29 wherein the pathogen is, 
identified as Mycoplasma piilinoriis. 

. -; 31. .. The composition :Of claim -29 where the pathogen is 
35 identified as Listeria /nonocytogeries 
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-32. A method of preparing an antigen, comprising.: 

(a), administering to an animal a pharmaceutical 

composition comprising one or more clones of a 
^ cloned expression library prepared from cDNA or 

fragmented genomic DNA of a selected cell under 
, ■ conditions.effective to allow ejipression of an 
. antigen or: antigens; and. ' 



10 (b) 



15 



.20 



30 



identifying the antigen or antigens so 



expressed. 
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The method of claim 32 further comprising obtaining 
an antibody or antibodies generated in response to the 
antigen or antigens expressed by one or more clones of :, 
the" expression ITbrary • " ' " , . 



34; An- antibody or, antibodies obtained by: administering 
to an. animal one or more clones of an expression,. library 
- prepared fro^ cDNA or f ragmented genomic DNA of a 
selected cell and collecting the antibody or antibodies 
generated in response to an antigen, or; antigens expressed 
25 from said DNA. 



35. A kit comprising, in suitable container meanb, a 
pharmaceutically acceptable composition of a cloned 
genomic expression library of Wycoplasina pulmonis or 
Listeria monqcyiogezies togetiiei with means for ' 
administering said composition. 



35 36 . An immunodetection kit for' detecting a pathogen, 
comprising: 
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(a) an antibody or antibodies prepared by the 
method of claim 34; 

(b) a suitably aliqubted composition of the 
pathogen; and 

(b) an immunodetection means. 



10 37. The kit of claim 36 wherein the pathogen is 
identified as Mycoplasma pulmonis or Listeria 
monocytogenes. 



15 38. A pharmaceutical composition comprising a cloned 

expression library from cDNA or fragmented genomic DNA of 
a pathogen in a pharmaceutically acceptable vehicle. 



20 39. The composition of claim 38 wherein the . pathogen is 
Mycoplasma pulmonis or Listeria monocytogenes. 



40. A method of generating an immune response to a tumor 
25 cellr comprising the steps: 

(a) preparing a cloned expression library from 
fragmented cDNA prepared from mammalian tumor 
mRNA; and 

30 • 

(b) introducing one or more clones of said 
expression library into a mammal in a manner 
effective to generate an immune response 
against one or more tumor cell antigens that 

35 may , be encoded by said clone or clones; 
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